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Endorsement  (1)  From  E.  P.  Stevenson,  Chief,  Division  11  to  Dr. 
Irvin  Stewart,  Executive  Secretary  of  the  National  Defense  Research 
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Forwarding  report  and  noting: 

"This  report  presents  the  findings  and  conclusions  of  a 
reviewing  committee  appointed  by  Dr..  H.  C.  Hottel, 

Chief,  Section  11.3.  to  investigate  the  processes  dev¬ 
eloped  by  the  several  N.D.E.C.  contractors  for  the 
manufacture  of  the  modified  aluminum  naphthenate ' soap 
commonly  known  as  "Napalm."  This  product  was  origin¬ 
ally  developed  under  the  Section's  contract  with 
Harvard  University  (Dr.  Louis  F.  Fieser,  Official  In¬ 
vestigator,  with  Dr.  E.  B.  Hershberg  as  Senior  Assis¬ 
tant)  to  meet  the  emergency  caused  by  the  non- avail* 
ability  of  natural  rubber  for  thickening  gasoline  for 
incendiary  uses.  The  present  methods  of  manufacture 
are  the  result  of  extensive  studies  by  Nuodex  Products 
Company,  Harshaw  Chemical  Company,  Ferro  Drier  and 
Chemical  Company,  and  of  the  companies  now  producing 
Napalm  under  contract  with  the  Chemical  Warfare  Service. 


"The  primary  purposes  of  this  survey  were  to  determine 

(1)  whether  with  adequate  technical  supervision  Napalm 
could  be  reliably  produced  in  satisfactory  quality, 

(2)  the  nature  of  the  major  troubles,  and  (3)  how  these 
might  be  remedied  or  minimized  within  safe  limits.  The 
conclusions  on  these  points  are  that  present  data  are 
sufficient  to  assure  the  production  of  Napalm  of  spec¬ 
ification  grade  and  that  the  troubles  experienced  in 
the  past  are  due  chiefly  to  moisture  and  oxidation.  iSfUf11' 

"As  bearing  upon  the  continuing  research  program  of 
the  Division  it  is  recommended  that, 

(1)  Investigation  of  the  effect  of  raw  material 
properties  on  the  finished  soap  be  continued. 

(2)  Investigation  of  oxidation  inhibitors  be 
continued. 


OSRD  No.  2036  (Continued) 


(3)  Investigation  of  the  relationships  between 
gasoline  quality,  moisture  content,  concentration  and 
consistency  be  prosecuted. 

(4)  A  further  study  of  the  precipitation  process 
be  made. 

"This  report  will  be  of  further  interest  in  that  it  re¬ 
views  the  work  to  date  by  N.D.R.C.  contractors,  by  the 
Technical  Division- of  thff  Chemical  'Warfare  Service,  and 
by  some  of  the  C.W.S.  contractors  now  producing  Napalm. 
In  this  review  the  original  sources  are  cited,  and  much 
of  the  most  pertinent  data  is  tabulated  for  easy  refer¬ 
ence.  The  several  processes  now  in  use  are  critically 
presented  with  a  detailed  discussion  of  the  important 
process  variables  and  the  chemical  reactions  involved. 

"The  report  also  contains  a  detailed  description  of  a 
preferred  manufacturing  procedure.  The  reviewing  com¬ 
mittee  recognizes  that  Napalm  of  satisfactory  quality 
has  been  and  can  be,  reliably  made  by  other  processes, 
and  that  the  availability  of  equipment  must  be  a  de¬ 
termining  factor  in  the  practices  of  the  different 
C.Vf.S.  contractors. 

"Acknowledgement  is  made  of  the  assistance  of  the  several 
interested  groups  in  the  investigation  and  in  the  prep¬ 
aration  of  this  report.  Through  the  cooperation  of  the 
Technical  Division  of  C.TJ.S.,  access  was  obtained  to  the 
different  manufacturers,  who  in  turn  were  entirely 
responsive  to  the  requests  for  detailed  information  on 
manufacturing  procedure  and  experience.  The  committee 
was  further  assisted  by  Major  R.  J.  DeGray  both  during 
the  investigation  and  in  the  preparation  of  the  report." 
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INTRODUCTION 

Various  war  needs  for  a  material  to  thicken  gasoline 
led  to  the  development  of  an  aluminum  soap  of  oleic,  naphthenic 
and  cocoanut  oil  acids  now  known  as  Napalm.  The  manufacturing 
process  is  one  in  which  the  water-insoluble  aluminum  hydroxy- 
soaps  of  oleic,  naphthenic  and  cocoanut  acids  are  coprecipitated 
from  aqueous  solution,  when  dried,  the  coprecipitated  soap  is 
granular,  easily  handled  and  rapidly  disper sable  in  gasoline. 
Because  of  its  many  advantaces,  the  coprecipitation  method  is 
now  being  used  by  all  Napalm  manufacturers  and  therefore  dis¬ 
cussion  in  this  report  will  be  limited  to  this  process. 

Two  types-:-  of  Napalm  are  made,  differing  only  in 
setting  time  and  in  packaging  Type  A,  which  should  solvate 
slowly  and  be  capable  oi  lon_.  storage  without  impairment  in 
properties,  and  Type  B  which  normally  has  a  shorter  solvation 
time.  Control  ol  setting  time  is  achieved  by  regulating  the 
density  and  size  of  the  finished  soap  particles,  and  is  accom¬ 
plished  mainly  during  the  dewaterin^  operation.  There  appears 
to  be  no  chemical  difference  between  the  two  types  of  soap. 

The  discussion  in  this  report  applies  to  the  m&nui acture  of  both 
types  of  Napalm,  operational  variations  for  Type  A  being  men- 
t  oned  at  the  sta.ee  where  they  occur. 

Little  difficulty  v«as  experienced  in  preparing  the 
first  batches  of  Napalm  soap.  However,  when  attempts  were 
made  to  produce  Napalm  on  a  larger  scale,  dili icultie s  arose  for 
reasons  which  will  become  clear  in  the  following  pa,0es. 

A  survey  oi  the  Napalm  problem,  from,  both  research 
and  manufacturing,  aspects,  has  been  made  by  an  N.D.R.C.  group 
with  the  help  of  the  various  C.'f.S.  divisions.  It  is  believed 
that,  given  adequate  technical  supervision  and  satisfactory 
raw  materials,  no  difficulty  in  makinc  Napalm  need  be  experi¬ 
enced.  Accordingly,  it  was  decided  to  issue  an  N.D.R.C.  re¬ 
port  concerning  the  manufacturing  question,  a  certain  amount 
of  related  researcn,  and  the  properties  of  the  product. 


The  new  specii icstion  (Appendix  VIII)  calls  lor  only  one  type 
of  Napalm,  the  restriction  on  the  setting  time  of  Type  A 
beint,  removed.  This,  however,  although  contemplated,  was  not 
in  effect  at  the  time  this  report  was  written* 
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During  the  survey,  excellent  cooperation  was  shown 
by  all  the  Napalm  manufacturers  and  the  various  divisions  of 
C.h.S.  who  made  much  information  available.  The  collection 
of  material  for  this  report  necessitated  the  tree  and  open  dis 
cussion  by  the  manufacturers  of  their  processes.  It  is  a 
pleasure  to  record  that  the  assembly  oi  this  material  was  pos¬ 
sible  only  in  consequence  of  the  cooperation  or  all  groups  in¬ 
volved,  including  manufacturers,  N.o.h.C.  research  contractors 
snd  C.h.S.  divisions. 
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TxaE  MANUFACTURE  Ob'  wAPALa 


A.  The  Mechanism  oi  the  Precipitation 

The  precipitation  oi  the  aluminum  hydroxy- soaps  of 
oleic,  naphtnenic  and  cocoanut  acids  may  be  approximately 
represented  as  iollows: 

4  Ha  On.  +  Efl-COONa  +  Alg  (80^)^  =  3  Na^SO^  +  c  (R-COO)  ( Oh  J^Al 

E  Ha  OH  +  ifR-COONa  +  Al^tSO^)^  =  3  Ha^SO^  +  4.  (R-COO)^  ( Oh  )A1 

The  final  product  when  telled  in  gasoline  contains  long  molecu¬ 
lar  chains  built  up  by  coordination  between  aluminum  atoms  and 
the  carboxylic  oxygen  atoms,  and  possibly  also  by  oxygen  bridges 
similar  to  those  found  in  silica  cels.  The  final  soap  also  con¬ 
tains  f rse  fatty  acids  and  sodium  salts  occluded  or  possibly 
loosely  held  in  the  soap.  (See  Appendix  I  f or  a  more  detailed 
discussion  of  the  precipitation  chemistry.) 

Analyses  show  that  most  satisfactory  soaps  contain 
about  3*4  to  3*3/o  aluminum,  an  amount  which  is  in  excess  oi 
che  aluminum  equivalent  oi  the  acids  used,  in  order  to  meta- 
thesise  the  necessary  additions  1  alum,  excess  caustic  soda 
("free  caustic!! )  over  and  above  that  equivalent  to  the  iatty 
acids  used  must  be  present.  Experiment  indicates  that  sub¬ 
stantially  all  the  aluminum  which  is  supplied  in  the  alum  up 
to  the  coagulation  point  enters  the  linul  product.  The  result¬ 
ing  sodium  sulfate  leaves  the  precipitator  in  the  clear  liquor 
end  in  subsequent  washing.  Unreacted  sodium  soap  in  the  product 
has  t-.en  shown  to  be  harmful,  (1 )  but  the  presence  of  sodium 
sulfate  in  moderate  amounts  does  not  appear  to  be  injurious.. 

The  amount  of  excess  or  “free1'  caustic  used  in  precipitating  a 
soap  has  been  shown  to  afiect  the  strength  01  a  gasoline  0el  01 
the  soap.  Table  I  ^ )  illustrates  this  point. 

Table  I 

The  Effect  of  Excess  Caustic  Soda  on  Napalm  Gel  Strength!^) 

Acid  Ratio  -  E  Cocoanut  :  1  Oleic  :  1  Naphthenic 
Acid  No.  of  Mixed  Fatty  Acids  -  C4O 

Gardner  Viscosities 
E4  hrs,  130°F.  43  hrs . 


e6 

<100 

440 

55 

3oo 

370 

65 

330 

330 

1*5 

AlOO 

710 

^57 

<100 

540 
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The  maximum  strength  appears  to  occur  at 
caustic.  Most  manui acturers  are  using  about  this  figure,  and 
it  is  used,  taerefore,  in  the  recommended  batch  procedure 
described  in  Appendix  II. 

The  precipitation  process  for  the  manufacture  of 
Napalm  has  been  varied  by  the  manufacturers  and  at  the  present 
time  there  are  three  basic  methods  in  use;  these  are  referred 
to  as  batch  methods  I  and  II  and  the  two-stream  precipitation 
process.  A  briei  discussion  of  these  methods  follows.- 

i.  Batch  Method  I. 

In  this  process  the  total  amount  oi  caustic 
required  is  added  to  the  mixed  acids,  the  alum  then 
being  added  until  the  precipitation  is  complete. 

This  is  the  method  used  by  the  larger  number  of  manu¬ 
facturers  and  has  been  selected  as  the  recommended 
procedure  on  the  basis  that  more  information  is 
available  on  it  than  on  any  other  process.  A  more 
detailed  discussion  of  this  method  may  be  found  in 
Appendix  II. 

A.  Bat eh  Method _II . 

This  process  dilicrs  from  (1)  in  that  only 
enough  caustic  is  added  to  the  mixed  acids  to  produce 
the  stoichiometric  ''neutral"  soap  solution,  the  bal¬ 
ance  being  added  as  soda  ash  to  the  alum  solution. 

The  precipitation  is  be^un  at  a  lower  ph  than  in  (1) 
and  a  more  gradual  separation  oi  aluminum  soap  than  in 
3ft ch  Method  I  .is  obtained  throughout  the  alum  addi¬ 
tion.  This  method  is  discussed  in  more  detail  in 
Appendix  III. 

3 •  ^o- St  re  am  Prec imitation. 

This  continuous  method  is  the  most  desira¬ 
ble  from  the  engineering  standpoint,  but  information 
on  plant  operation  is  limited.  In  essence  the  pro¬ 
cedure  involves  the  addition,  by  controlled  streams, 
oi  the  alum  and  sodium  soap  solutions  to  a  vessel 
supplied  with  vigorous  agitation.  The  alum  added  in 
the  lirst  stage  is  insuf'i icient  to  cause  coagulation 
oi  the  soap,  and  ahe  resulting  milky  solution  over¬ 
flows  into  a  second  vessel  along  with  another  stream 
of  alum  solution  to  provide  an  excess  of  this  re¬ 
agent.  The  overflow  irom  this  second  vessel  passes 
to  a  third  to  allow  time  lor  completion  of  reaction, 
whence  the  suspended  precipitate  flows  to  a  con¬ 
tinuous  washing  and  draining  device. 


-5- 


RESTRIOTED 


Space  requirements  lor  equipment  used  in 
this  process  are  less  than  for  (I)  and  (II),  and  it 
is  believed  that  a  satisfactory  product  may  be  ob¬ 
tained.  However,  lew  plant  operating  data  are 
available  and  the  method  is  not  sufficiently  under¬ 
stood  at  this  writing  to  warrant  a  recommendation 
as  a  standard  process. 

The  actual  precipitation  may  be  viewed  as  a  simple 
titration  in  which  alum  is  added  to  a  basic  soap  solution,  the 
end  point  being  judged  by  the  coagulation  of  the  precipitate. 
Figure  1  shows  a  typical  plot  of  pH  vs.  amount  of  alum  added 

for  batch  method  I.  The  first  drop  in  the  curve,  at  about 

pH  10.5,  occurs  in  the  region  where  sodium  aluminate  decom¬ 
poses  and  aluminum  hydroxide  begins  to  precipitate.  The 
lower,  more  distinct  drop  occurs  at  about  the  neutral  point 

and  is  caused  by  the  coagulation  of  the  basic  aluminum  soap. 

Laboratory  results  (<=0  show  that  about  7^/0  of  the  soap  is 
precipitated  before  the.  coagulation,  but  the  particles  are 
fine  and  it  is  possible  that  the  pH  measurements  are  a  com¬ 
promise  between  the  basicity  of  the  particle  and  that  oi  the 
mother  liquor.  After  coagulation,  the  mother  liquor  becomes 
quite  clear  and  the  pH  drops  as  more  alum  is  added. 

Figure  1  also  shows  a  typical  pH  vs.  alum  plot  for 
batch  method  II.  The  initial  pH  is  low^r  than  for  method  I 
since  less  free  caustic  is  present  in  the  sodium  soap  solution. 
The  pH  drops  more  gradually  in  this  method  with,  precipitation 
proceeding  throughout  almost  the  entire  operation.  No  sharp 
coagulation  point  Is  found  and  it  is  probable  that  less  occlu¬ 
sion  of  sodium  soap  or  sodium  salts  occurs  In  the  precipitate. 
As  described  in  Appendix  III,  the  material  formed  by  method  II 
may  be  of  such  fine  particle  size  that  mechanical  agglomeration 
by  filter-pressing  or  roller  trc.;. tcient  may  be  required  prior 
to  final  comminution  and  sieving. 

At  the  present  time  each  manufacturer  has  devised 
a  method  for  b'-palm  production  which  suits  his  particular 
equipment.  Although  all  these  methods  i  all  basically'-  into 
one  of  the  three  groups  discussed  above,  -ach  has  slight  varia¬ 
tions  which  distinguish  it  from  the  others.  The  precipitation 
process  involves  a  little-understood,  highly  complex  equili¬ 
brium  of  sodium,  acid,  hydroxyl,  aluminum  ana  sulfate  ions,  and 
time  does  not  permit  a  complete  investigation  of  all  the 
variables  involved.  It  is,  therefore,  necessary  to  accept  the 
results  semi-empirically  and  attempt  to  control  the  known 
variables  as  closely  as  possible.  The  recommended  procedure 
given  in  this  report  is,  therefore,  not  necessarily  the  best, 
but  is  considered  to  be  the  safest  and  most  foolproof  at  the 
present  time. 


pH  MEASUREMENT 


FIGURE  / 

PH  OF  SOLUTION  VS  PERCENT 
OF  ALUM  ADDED 
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B.  Dewatering  and  Drying  of  the  Precipitate 

Trie  processing  of  the  wet  precipitate  varies  con¬ 
siderably  among  the  various  manufacturers.  After  the  pre¬ 
cipitation  is  complete  the  slurry  may  go  to  suction  filters, 
filter  presses  or  rotating  screens,  the  type  of  equipment 
apparently  having  little  effect  on  the  product.  If  filter 
presses  are  used,  it  is  necessary  to  break  up  the  filter 
cake  before  and  afcain  after  dryin^,  in  order  to  obtain  an 
acceptable  grain  size  in  the  product.  In  general,  it  ap¬ 
pears  that  the  type  of  dewatering  used  prior  to  drying  is 
optional  with  the  manufacturer  and  will  depend  on  the  facili¬ 
ties  available. 

if  Type  A  Napalm  is  desired,  it  may  be  obtained  at 
this  stage  by  passing  the  wet  filter  cake  between  a  pair  of 
steel  rolls.  In  this  way,  the  precipitate  is  milled  to  a 
translucent,  yellowish  ribbon  or  sheet,  and  the  individual 
small  particles  disappear.  The  ribbon  is  then  comminuted  to 
the  desired  particle  size  before  drying.  The  finished  particle 
produced  in  this  way  is  dense,  translucent  and  slow  setting  as 
compared  with  the  granular,  porous  precipitate  used  x or  Type  g. 

The  drying  operation  is  one  whicn  requires  considera¬ 
ble  care.  Dependent  on  particle  size,  free  acid  content  and 
initial  moisture  content,  Napalm  soap snare  temperature  sensitive 
in  several  respects,  the  most  important  being  aerial  oxida¬ 
tion,  moisture  sensitivity,  and  fusion.  As  described  in 
PP*l<e-oO°f  this  report,  oxidation  of  Napalm  affects  the  gelling 
properties  to  a  considerable  decree  and  may  finally  give  a 
soap  which  is  insoluble  in  gasoline.  It  is  necessary,  there¬ 
fore,  to  avoid  excessive  drying  times  or  temperatures  which 
would  use  up  too  much  of  the  induction  period  of  the  soap. 

?vet  (5  0-/o  water)  Napalm  fuses  parti  filly  during  the  initial 
stages  of  drying,  if  the  temperature  during  the  first  six 
hours  exceeds  about  lo5°  F.  The  fusing  of  dry  Napalm  is  less 
serious  and  can  apparently  be  avoided  lx  drying  temper  tures 
do  not  exceed  <xkO°  F.  Laboratory  data  (J)  show  that  the 
equilxbriam  moisture  of  Napalm  at  a  given  relative  humidity 
decreases  as  the  drying  temperature  increases,  so  that  it  is 
advantageous  to  use  as  high  a  drying  temperature  as  possible 
without  causing  undue  oxidation  or  fusion.  Taxing  all  the 
vsriables  into  account,  the  optimum  drying  temperature  appears 
to  be  about  ldO°  F. ,  and  this  temperature  is  now  being  used 
by  nearly  all  manufacturers.  The  final  moi stureeoontent  at¬ 
tained  is  usually  between  0.4  and  0.3#,  (C.W.S.  benzol  distn). 
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There  are  three  main  typ^-s  of  driers  in  use  at 
present,  namely,  tray,  apron  and  continuous  belt,  the  1 irst 
being  the  most  common.  Drying  times  vary  from  one  to  twenty 
or  more  hours  depending,  on  the  typo  of  equipment  usod.  The 
shortest  drying  time  is  used  by  one  manufacturer  who  employs 
an  apron  drier,  but  the  temperature  used  is  about  aOO°P.  Tray- 
driers  require  the  longer  drying  tirrus  with  belt  driers  fall¬ 
ing  in  between,  heedless  to  say  degree  of  oxidation  depends 
bothoon  time  and  on  temperature,  both  of  which  must  be  kept  to 
a  minimum  if  a  satisfactory  product  is  to  be  obtained. 

Unfortunately,  few  drier  operating  data  exist  and 
once  again  the  empirical  approach  is  necessary.  Napalm  appears 
to  have  a  short  con stunt -drying -rate  period  during  which  the 
surface  is  wet  (or  behaves  as  though  wet)  and  evaporation  takes 
piece  rapidly,  followed  by  a  falling-rqto  period  during  which 
evaporation  takes  place  within  the  particle  and  the  vapor  must 
diffuse  to  the  surface •  Durin0  the  ft  llin^-ia  te  period  it  is 
advantageous,  where  possible,  to&gitate  the  Napalm  in  order  to 
expose  new  surfaces  and  thereby  hasten  drying.  It  is  believed 
that  the  continuous  belt  drier  gives  some  particle  disturbances 
as  the  belt  passes  over  supporting  rolls  thereby  shortening  the 
total  dryint.  time. 

C .  Packaging 

Considerable  difficulty  has  been  experienced  by  some 
manufacturers  due  to  a  lack  oi  appreciation  ox  the  extreme 
moisture  susceptibility  of  Napalm,  as  discussed  in  p^.  3-ig 
of  this  report,  most  soaps  having  greater  than  0. 6-0.8#  moisture 
give  gasoline  cels  of  low  strength  and  stability.  It  has  been 
found  that  Napalm  soaps  exhibit  reproducible  equilibrium 
moisture  contents  which  depend  on  the  relative  humidity  of  the 
atmosphere j  and  that  the  time  necessary  lor  a  sample  substan¬ 
tially  to  equilibrate  itsolx  with  the  atmosphere  may  be  a 
matter  of  minutes .  It  is  necessary,  therefore,  that  care  be 
exorcised  in  handling  Napalm  between  the  driers  end  the  final 
packaging.  Climatic  conditions  dictate  to  e  considerable  decree 
the  amount  of  care  necessary,  ior  example,  in  cold  dry  weather 
it  may  be  possible  to  allow  Napalm  tty.)  stand  for  -a  considerable 
period  without  serious  damage.  Conversely,  packaging  in  hot 
humid  weather  necessitates  keeping  to  a  minimum  the  time  be¬ 
tween  ‘leaving  the  drier  and  final  sealing  of  the  package .  The 
packaging  of  not  material  is  in  general  considered  good  prac¬ 
tice,  since  in  this  way  tnere  is  less  chance  lor  moisture  .ab¬ 
sorption. 


-8- 


RESTRICTED 


THE  _PROPERT IES  _0F  _NAPALivI 


Since  the  purpose  of  this  report  has  been  to  dis¬ 
cuss  the  manufacture  of  Napalm  with  its  related  difficulties, 
no  attempt  will  be  made  to  cover  all  the  properties  of  Napalm, 
e.g.  rheology  of'  the  gels,  for  which  other  reports  should  be 
consulted .  ( 6 > 7>  5^  ) . 

The  Moisture  Effect 

Little  difficulty  was  experienced  with  aluminum 
soaps  in  the  early  days  when  the  evaluation  depended  largely 
upon  visual  examination.  However,  when  more  quantitative 
methods  began  to  be  employed,  it  soon  became  apparent  that 
unaccountable  variations  were  obtained  in  different  labora¬ 
tories  using  the  same  sample  of  solid  Napalm.  For  some  time 
the  reason  remained  uncertain  but  it  eventually  became  very 
clear  that  the  absorption  or  desorption  of  moisture  was  the 
principal  cause  of  the  anomalies (4*^ ) .  Napalm  is  essen¬ 
tially  a  hygroscopic  material,  analogous  to  gelatin  or  paper 
in  its  affinity  for  moisture.  Thus,  if  given  sufficient  time, 
it  reaches  a  definite  moisture  content  at  any  given  relative 
humidity,  the  moisture-relative  humidity  curve  resembling  that 
of  gelatin  or  paper  in  shape.  Expressed  in  another  manner, 
any  soap  will  gain  or  lose  moisture  when  exposed  to  the  at¬ 
mosphere,  except  at  the  one  humidity  with  which  it  is  in  equili¬ 
brium  (inert  point). 

Another  difficulty,  which  at  first  tended  to  obscure 
the  relationship  between  consistency  and  moisture,  is  the 
difference  in  values  obtained  by  various  methods  of  moisture 
determination  (5>54lQ).  Undoubtedly,  water  is  held  in 
several  different  forms  in  the  soap  and  according  to  the 
severity  of  the  met nod  of  moisture  determination  used,  different 
values  will  be  obtained  (Appendix  VI).  It  can  even  be  formed 
by  reaction  during  determination.  Best  results  thus  far  from 
the  standpoint  of  correlation  with  consistency  data,  appear  to 
have  been  obtained  with  the  Dean  and  Stark  method  (benzene 
distillation)  and  vacuum  oven  drying.  The  former,  a  modifica¬ 
tion  of  which  has  been  adopted  as  the  official  specification 
method  (Appendix  VIII),  utilizes  readily  available  apparatus 
but  requires  a  large  sample  of  soap  and  at  low  water-contents 
lacks  precision,  being  good  to  +  0.1%  (pp.  75-76).  The  latter 
is  more  suitable  for  use  as  a  research  tool,  giving  gpod  re¬ 
producibility  and  requiring  only  small  samples.  Nevertheless, 
whatever  method  is  adopted  for  moisture  determination,  the 
relationship  between  moisture  content  and  surrounding  psychro- 
metric  conditions  is  apparent  from  the  data  available. 
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Equilibrium  at  any  fciven  relative  humidity  appears 
to  be  attained  fairly  rapidly  (figure  *),  being  practically 
complete  in  eight  hours  in  1/3  or  1/4"  layers  under  normal 
convection. 

The  water  absorbed  greatly  affects  the  consistency 
oi  the  fcel  formed  when  the  solid  soap  is  dissolved  in  gaso¬ 
line.  Table  II  shows  representative  results  for  two  typical 
soaps,  and  gives  the  comparative  Gardner  mobilometer  readings 
of  -els  made  from  soaps  dried  or  equilibrated  under  different 
conditions.  The  average  of  a  large  number  of  tests  me.de  on 
many  soaps  at  both  Ed wood  Arsenal  and  Eastman  Kodak  indi¬ 
cated  that  the  absorption  of  0.1/0  moisture  measured  by  the 
vacuum  oven  method  causes  the  consistency  on  the  c.4  hour  1^0° 
test  (3%  gel )to  drop  approximately  40-pO  grams.  The  reasons 
for  the  discrepancy  found  in  consistenc.-,  by  different  labora¬ 
tories  now  becomes  very  clear.  According  to  the  packa0inc.  and 
handling  of  the  soaps  between  the  two  points  at  ••which  they  were 
examined  they  might  either  gain  or  lose  moisture,  thus  radi¬ 
cally  changing  their  viscosity  characteristics. 

The  cause  of  the  moisture  effect  probably  lies  in  the 
prevention  of  the  formation  or  possibly  the  breaking  of  the 
soap  chains  by  preferential  coordination  oi  vr-ter  molecule  s 
at  the  points  of  attachment  between  the  individual  units. 
Osmotic  pressure  measurements ( lo^  indicate  that  normal  wap aim 
dispersed  in  gasoline  has  a  molecular  weijtit  of  1 60,000  to 
*00,000.  It  seems  probable  that  these  large  molecules  are 
built  up  in  large  part  by  coordination  of  tne  aluminum  atom 
of  each  soap  unit  with  one  of  the  carboxyl  oxygens  of  the  next 
unit.  Such  chains  can  obviously  oe  broken  if  a  molecule-  to 
which  aluminum  coordinates  more  stronJLy  than  the  carboxyl 
oxygen  is  introduced.  This  may  be  the  case  when  polar  com¬ 
pounds  such  as  water,  amines  ),  or.  free  fatty  acids  of  low 

molecular  weight  are  added.  The-  aluminum  atoms  coordinate 
preferentially  with  the  amine  or  hydroxyl  groups,  the  alumi¬ 
num  soap  chains  ere  broken,  with  a  resultant  drop  in  molecular 
weight  and  consistency* 

In  order  to  overcome  the  effect  oi  moisture  it  has 
been  found  necessary  to  regulate  the  wat-.-r  content  at  the  point 
of  manui acture  of  the  soap  and  also  at  t;>.mc  s  to  redry  fiapalm 
Type  B  before  use  in  the  filling  plant,  bit- palm  Type  A  has 
been  protected  by  hermetically  scalin0  in  metal  cans,  the  only 
type  of  package  which  can  be  expected  to  withstand  handling 
under  atmospheric  conditions  prevailing  in  the  tropics. 

Table  III (a)  shows  data  obtained  on  the  tray  drying  of  a  typi¬ 
cal  batch  of  soap  at  the  narmon  Color  Works.  It  is  apparent 
that  unless  drying  is  carried  to  a  satisfactory  moisture  con¬ 
tent,  trouble  will  be  experienced.  Similar  data  are  also 
shown  in  Table  111(b)  Indicating  that  r  soap  can  be  redried 
after  moisture  pick-up  without  adverse  effects  other  than 
possible  partial  oxidation. 
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Table  II 

The  Moisture  Effect  (5) 


Vac . 

Oven  Moisture 

Gardner  Consistencies 

24  Hr  s 

• 

60°  C. 

Benzol 

48  hrs.  24  hrs. 

168  hrs. 

10  mm. 

Hg,._  Dist . 

Nuodex  f 87896  (8%  Gel ) 


Dried  1  mo.  In 


Nitrogen 

0.10 

— 

1220 

1380 

1250 

Dried  over  P20^ 

o.ii6 

0.65 

70° 

650 

740 

Dried  in  Vacuum 
Equilibrated  at 

0.61 

0.8 

060 

820 

700 

90°F-20%  RH 

0 

1.1 

670 

3oO 

650 

Equilibrated  at 

35°F-o5/0  Rh 

1-75 

1-5 

300 

1*0 

235 

Equilibrated  at 

3.06 

?0°F-?0/o  RH 

*•7 

103 

100 

So 

Nuodex  jfl  3374  _  [  bjo _ 

Gel ) 

Equilibrated  at 

yO°F-HO/0  RH 

0.3? 

1.2 

600 

180 

330 

Equilibrated  at 

85  °F- 8570  RH 

1.45 

1.6 

340 

170 

173 

Equilibrated  at 

yO°F-yOfi  RH 

^*8  7 

C-.'d 

47 

10 

17 

Nuodex  #15374  (3% 

Gel ) 

Equilibrated  at 

760 

^0°F-a0/0  RH 

0.83 

1.2 

320 

760 

Equilibrated  at 

35°f-65$6  RE 

1 .43 

1.8 

830 

400 

540 

Equilibrated  at 

7O0F-7O/0  RH 

^•87 

2  .2 

270 

43 

140 

Nuodex  #15374  (10% 

_Gel ) 

Equilibrated  at 

80°F-20%  RH 

0.83 

1.2 

1^2  3 

1100 

380 

Equilibrated  at 

85  °F- 6 5/o  RH 

1.45 

1.6 

1000 

770 

1050 

Equilibrated  at 

yO°F-yOj6  RH 

7 

d  .2 

oOO 

^33 

5^0 
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Effect  of  Drying  Time  on  < 

Consistency 

and  Moisture 

Content 

(Harmon 

Soap  #1124^) 

Benzol 

2  hours 

24  hours 

48  hours 

Time 

Temp_. 

Moisture 

150o  F. 

_150°  _F  ._ 

77°  F. 

12 

i6o°f. 

2.1 

Fluid 

Fluid 

Fluid 

111 

it 

2.6 

it 

it 

16 

i» 

1.5 

300 

**0 

310 

18 

ti 

i  •  £. 

dyO 

280 

330 

'dO 

1! 

0.8 

46O 

3/xO 

450 

2  d 

11 

0.3 

o7° 

630 

700 

dk 

it 

0.4 

6  So 

670 

670 

\\ 

0.4 

720 

070 

710 

48 

H 

0.35 

730 

o70 

700 

Id 

!f 

0.45 

730 

630 

740 

*  Tr; 

an sf erred 

at  this  point 

to  labor-'  t 

-ry  oven. 

Table  111(b) 


(25) 


Redrying  Time  %  Water  in  24  hours  I5O0  P, 
at  160  °P.  N a p a lm* 


Original 

— 

810, 

760 

Original 

soap 

exposed  to  humid 

air  (1) 

18  J 

(* )  3  hours  86 

0  i  .  7*/0  R.H. 

None  (1) 

1.2 

475, 

485 

{d) 

1.1 

556, 

500 

10  mins . 

[d  ) 

o.3o 

835, 

650 

* 0  mins . 

(1) 

o.3s 

o*5» 

700 

id) 

0.73 

710, 

730 

40  mins . 

a) 

0 . 08 

315, 

7y0 

0.63 

63o, 

770 

oO  mins. 

(i) 

0.55 

865, 

8?o 

U) 

--- 

770, 

780 

120  mins. 

U) 

0.53 

330, 

803 

(d) 

•  -  - 

775, 

7*o 

240  mins . 

(i) 

0.45 

830, 

350 

48  hours  770  F. 

840 ,  3*  0 


370,  5^0 

1*5,  660 


7*o,  7>0 


7*o,  750 

7^5,  7*5 

3*0,  785 
770,  7*5 

815,  815 

7^0,  785 

840,  850 
7*5,  805 

340,  345 


Benzol  distillation  (C.W.S.  method). 
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The  Oxidation  of'_Nc-palm 

Because  Kapslm  contains  oleic  acid,  with  its  double 
bond,  it  mijat  be  expected  under  suitable  conditions  to  be 
susceptible  to  oxidation  with  consequent  change  in  its  pro¬ 
perties.  To  a  lesser  extent  certain  fractions  of  the  cocoanut 
acids  used  may  contribute  to  the  ■  oxidation  susceptibility. 

This  was  not  at  lirst  noticed,  but  attention  was  drawn  to  the 
oxidation  effect  late  in  1^42,  when  one  manufacturer  was  making 
Napalm  Type  A  (then  known  ns  X-IO4-1;)  using  c$%  nrphtnenic, 

40%  cocoanut  and  35#  oleic  acid.  These  were  precipitated  with 
a  Victory  e,rade  aluminum  sulfate  from  American  Cyanamide  which 
analyzed  up  to  0.4#  iron.  The  soaps  produced  wore  very  unstable, 
in  some  cases  lacked  solubility  in  gasoline  and  on  at  least  one 
occasion  took  fire  in  the  tray  drier.  Investigation  showed 
these  change s  to  be  due  to  oxidation,  strongly  exothermic,  and 
traceable  by  the  drop  in  iodine  number  of  the  soap^^*  1'3', 

This  was  without  doubt  the  most  exaggerated  form  of  the  oxida¬ 
tion  trouble  yet  encountered,  although  it  has  been  found  that, 
if  kept  long  enough  under  unfavorable  conditions,  all  samples 
of  Napalm  will  oxidize l 3»  15).  Shipments  of  Napalm  have 

been  received  at  a  filling  plant  with  the  soap  at  the  center 
of  the  barrel  in  n  fused  state  owine  to  spontaneous  oxidation. 
Figure  3  shows  a  photograph  ol  a  soap  which  oxidized  spontane¬ 
ously  on  keeping  on  the  labor'  tory  shelf  under  ordinary  con¬ 
ditions  lor  nine  months .  Complaints  have  also  been  received 
from  the  Pacific  and  from  England  of  Napalm  Type  A  which  would 
not  go  into  solution  in  g;  soline (lo ) ,  in  the  Pacific  case,  the 
iodine  number  of  the  soap  had  dropped  to  3,  the  normal  value 
being  25  to  3O;  this  was  undouotedly  due  to  hijn  iron  content, 
namely  0.2~3%.  Napalm  Type  A  may  have  to  be  kept  in  storage 
for  many  months  before  use.  Type  B  is  hot  packed  in  large 
barrels  so  that  the  center  cools  off  slowly  and  the  exothermic 
oxidation  reaction  may  be  accelerated  because  the  heat  cannot 
be  dissipated.  It  is  clear,  there! ore,  that  if  proper  control 
is  not  exercised,  oxidation  can  be  a  serious  problem. 

Table  IV  indicates  the  changes  in  iodine  number  oc¬ 
curring  when  typical  soaps  are  spread  out  in  1/4  to  l/2'*  layers 
and  exposed  to  the  atmosphere.  It  will  be  seen  (top  section 
of  table)  that  oxidation  docs  not  commence,  immediately,  i.e. 
there  is  an  induction  period,  which  is  greatly  shortened  by  an 
increase  in  temperature  or  relative  humidity.  The  bottom  sec¬ 
tion  indicates  that  a  small  drop  in  iodine  number  (compare 
lines  1  and  2 )  does  not  appreciably  aiiect  the  properties  of 
the  soap  either  with  respect  to  setting  time  or  consistency  if 
allowance  is  made  for  the  tendency  of  ’'original11  soaps  to  dry 
when  exposed  to  cQy0  R.B.,  and  therefore  to  produce  more  vis¬ 
cous  solutions,  A  large  drop  in  iodine  number,  how  eve  r* ,  causes 
very  slow’  gelation  with  the  formation  of  an  inferior  gel  (com¬ 
pare  lines  2  and  3,  or  5  "nd  6). 

Kbstkxctbb 


FIGURE  3 


SAMPLE  OF  NAPALM  WHICH 
OXIDIZED  DURING  STORAGE  AT 
ROOM  TEMPERATURE 


(HORIZONTAL  LINE  INDICATES 
ORIGINAL  LEVEL  OF  SAMPLE  IN  BOTTLE) 
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Such  tests  as  those  reported  in  Table  IV  take 
considerable  time  to  run  (a  matter  of  months)  and  hence  are 
ol  little  value  for  research  work  or  for  use  in  specifica¬ 
tions*  For  this  reason  several  accelerated  tests  for  the 
oxidation  susceptibility  of  ha palm  have  been  saG^ested  and 
used. 

1.  The  UhhP-  test  bomb  method ^5),  This  proce¬ 
dure  was  adapted ~fr6m""fhat ’used “fn"' gasoline  testing  (f 7 )  and 
consists  of  subjecting  the  soap  to  the  action  of  oxyGen  in  a 
bomb  under  elevated  pressure  and  temperature*  The  pressure 
in  the  bomb  is  recorded  automatically  on  a  chart,  a  sudden 
dip  indicating  oxygen  absorption  and  the  end  of  the  induction 
period.  Trouble  is  experienced  when  sintering  occurs  because 
no  satisfactory  induction  period  Is  obtained.  Tor  this  reason, 
it  has  been  necessary  in  most  cases  to  extract  soaps  with 
acetone  to  remove  free  fatty  acids  and  avoid  the  sint^.rinG, 

This  acetone  extraction  renders  the  t.-st  of  little  practical 
value  for  ordinary  Napalms  ^see  below),  although  valuable 
orienting  knowledge  has  been  gained  by  its  use. 

2.  The  Mackey  or  modified  Mackey  test.  In  this 

test  a  sample  of  "the'  soap  "fs  “exposed  “at*  ~cn~£Xcvated  tempera¬ 
ture  to  r  current  of  air  (either  forced  or  caused  by  natural 
convection)  and  its  temperature  followed  C 1  u )  ^  fj_rst  this 

remains  constant  but  at  the  end  of  the  induction  period,  shows 
a  sharp  rise  followed  by  r  decline  until  the  soap  a*,  a  in  takes 
the  temperature-  of  the  surrounding  batch  (j.  igurc  4).  At  100°C . 
the  induction  periods  of  many  sorps  art  too  great  lover  70 
hours)  to  be  followed  conveniently  by  this  method,  nence  baths 
of  varying  temperature  were  used,  IcO  to  130°C.  appearing  to 

be  the  most  convenient.  Nevertheless,  soaps  which  art  known  to 
be  definitely  unstable  to  oxidation  do  show?  a  temperature  rise 
at  100°C.  and  this  may  well  serve,  therefore,  as  a  “go-no-go*1 
test  for  control. 


3.  Peroxide  value,  when  soaps,  which  have  passed 
their  induction  "per  fod  "are  dissolved  in  chloroform  and  acetic 
acid  and  mixed  with  potassium  iodide,  iodine  Is  liberated  by 
reaction  of  the  iodide  with  peroxides  present  in  the  soap,  and 
can  be  titrated  with  standard  sodium  thiosulfate  solution. 

Good  soaps  show  a  low  peroxide  value  (mg. Iodine/ gram  soap )  over 
long  periods  of  time-  while  soaps  which  exhibit  a  temperature 
rise  on  test  (<: )  give  a  high  peroxide  value,  figure  5  ' 

shows  results  of  iodine  and  peroxide  values  on  a  commercial  batch  j 
of  soap,  which  had  been  submitted  to  a  variety  of  treatments. 

Curves  I  and  III  correspond  to  normal  production  batches, 
which  had  been  washed  with  water  and  alum  solution,  respectively. 

It  will  be  seen  that  the  Iodine  and  peroxide  value  curves  are- 
opposite  in  character,  the  latter  going  through  c-  maximum  and 
then  decreasing.  Treatment  of  the  wet  pulp  with  caustic  soda 
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or  an  anti-oxidant  is  seen  to  change  the  induction  period, 
curves  II  and  IV,  the  relationship  between  iodine  value  and 
peroxide  value  persisting.  Recently,  0  specification  test 
based  on  peroxide  value  h:  s  been  suggested  (10) .  Obviously, 
in  using  the  peroxide  value  test,  care  must  be  taken  to  as¬ 
certain  on  which  side  ol  the  maximum  the  value  is  situated. 

vVith  the  above  tests  it  has  been  possible  to  trace 
some  of  the  factors  influencing  the  oxidation. 

1.  Using  the  same  fatty  acids,  the  length  ol  the 
induction  period  appears  to  be  dependent  upon  the  soluble 
iron  content  of  the  alum  used  in  the  precipitation  (Table  V). 

Soaps  with  a.  high  iron  content  usually,  but  not  invariably, 
have  a  low  induction  period U5).  Manganese,  in  quantities 
greater  than  0.0a/o,  has  also  been  found  to  be  a.  very  powerful 
oxidation  catalyst  (5*3)  and  there  is  some  evidence  that  copper 
may  also  serve  in  this  capacity. 

Table  V 

The  Effect  of  Iron _on  the  Induction or iqd  qi_  nr.palm  (5) 

Indtiction  Period  Peroxide 
on  hodix  .led  Mackey  Value  After 
Iron  .Content  _ _ _Tqst  _ _  Drying 


Lab.  batch  made  with 
pure  alum 

0.04 

'Negative 

10 

0.005 

it 

-- 

Lab.  batch  made  with 

O.kij. 

y S  mins. 

^5.6 

Victory  grade  alum 

-  - 

60  " 

y.5 

Lab.  batch  made  with  alum. 

0.30 

75 

3^.4 

ferric  suit  ate  added 

0.08 

85 

A .  The  induction  period  can  be  lengthened  by  the 
addition  of  suitable  antioxidants .  The  Shell  Development 
Company  using  the  oxidation  test  /71  above  'as  a  guide, 

have  done  considerable  work  along  these  lines  and  suggest  that 
UOP  £5>  n-dilauryl  pf.rs-phenylene  diamine  and  3}  -ortho 
t oluidino-ster ric  acid  should  all  be  satisfactory  in  preventing 
the  oxidation  of  nc  palm  during  storage  lor  six  months  at 
I3O0  F.  Limited  data  on  gel  strengths  of  A -..palms  to  which 
these  inhibitors  have  been  added  are  shown  in  Table  VI. 
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Oxidation  Stability  and  Specification  Consistency  Tests 
on  Napalm  Batches  Made  at  the  California  Ink  Company,  Inc .(51) 


Sample 

Vac ,  Oven 
hater,  % 

Viscosity 

43  hrs.77°F 

Viscosity  I3O0 
neat  Stab.  Test 

IP,  min. 
standard 

California  Ink 
Batch  5 

1  %  Naphtho  1 

0.35 

760 

5o0 

195 

California  Ink 
Batch  6 

No  inhibitor 

0.6 

850 

780 

7n0  ? 

sintering 


California  Ink 
Batch  8 


1%  7  Naphthol 

0 . 68 

750,770 

705,750 

sintered 

California  Ink 

Batch  I4 

1%  o-r.imyl  phenol 

0.55 

725,735 

705,680 

>77  hrs 

California  Ink 

Batch  302 

0.0<z%  Lorene 

1.05 

585 

555 

>77  hr a. 
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Table  _VII 

Induction  Periods_of  ^Various jNngnlms ^5 ) 

Pressure  Induction 

Tempe r at urc  Oxygen  p  ._s  .  in .  P cried ,  mins  . 

A*  ^Experiments  _with_Solid_Wc_galni 


Naps lm 

100 

100 

A  05 

Acetone  Extracted  Napalm 

100 

100 

50 

Aluminum  Soap  Talloil  Acids 

30 

100 

1A0 

Above  +  Napalm  Extract 

30 

100 

66O 

Unextracted  No palm  +  0.01% 

TJOP  #5  sprayed  on 

100 

ICO 

1470 

Extracted  Napalm  +  0.01% 

UOP  ft  5  spra  yed  on 

100 

100 

530 

B.  Inhibitors  Introduced  During  Napalm 

Preparation. 

Tests  t 

100°C.  and  100  p.s.i. 

'S/ 

7° 

Inhibitor 

Indexation 

Added 

Period^  jnln  s 

• 

F  one 

0 

AO 

Eydroquinone 

1* 

k5 

duPont  #19 

1 

150 

Lecithin 

1 

AO 

SPC 

1 

345 

Rubber  inhibitor  composed 

of  phenyl  4  & 

1 

0 naphthylamino  s 

1 

97 

j  -Naphthol 

1.:- 

307 

A  ,4,  6-T‘rimethylphc-nol 

1 

95 

c. , 4-Dime thylphenol 

1 

03 

4,4, 5-Trimethylphenol 

1 

49 

<1 , 4-Dim  e  t  hy  1  -  6  -but  y  lphe  n  ol 

1 

70 

3>3' ,  5>  5'  -Tfct.ramethyl-4,4'  - 

dihydroxy  diphenyl 

1 

17 

Sr.ntolene  A 

1 

53 

UOP  ft  5 

1-.:- 

519 

Aerohib 

1 

04 

Fldyd's  base  %A 8 

2 

1 

Aero lube  BU 

1-49 

A1 
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Table  VII  C  ont '  d  .- 

%  Inhibitor  Induction 

^_Added _  Period,  mins. 

C .  Inhibitors  Introduced  by  Varying  Methods 

None  0  205 

N -phenyl  N  * -dihydro- 

isophoryl  thioureas*  0.1  1^5 

Alphatol  (<j -ortho 

toluidino  stearic  ■■•eld)-;;*-.;-  1  J00 

^  (para-tviEiino  aniline) 

stv-nric  odd-.:--.;-  1  4IO 

■J  { p  a r a- oxy uni 1  in  0 ) 

stearic  t  cid-;:-.:-  0.2 5  Id  5 

N-octf decyl  paranmino  - 

phenol-.;-.;--.:-  0.1  8j0 

N -d  i  1  aur  y  1  p  r.rupheny  1  ene 

diamine-.;-.:-;;-  0<02  780  (56.7°C) 


Considerable  loss  to  mother  liquor  owint.  to  solubility 
of  inhibitor  in  same. 

Coprecipitated. 

Sprayed  on  soap  granules. 
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Of  the  materials  readily  available,  UOP  y 5  and  h -naphthol 
appear  most  suitable. 

3.  Napalm  itself  contains  natural  antioxidants .  • 
Thus,  (Table  VTIA ) ,  a  sample  ot  Napalm  had  an  induction  period 
of  ^65  minutes  (line  1}  when  tested  cy  the  UoP  bomb  method 
at  100°C.  and  100  lb.  oxygen  pressure.  After  three  extrac¬ 
tions  with  live  times  its  weight  01  acetone,  the  induction 
period  fell  to  50  ■minutes  (line  'c. ) .  ihe  extract  alter  removal 
of  f.  tty  .acids  was  incorporated  into  an  aluminum  soap  made 
from  t alloil  acids  in  the  same  proportion  at  which  it  was  re¬ 
moved  Irom  the  Napalm,  namely  l.b/o.  The  induction  period  of 
the  talloil  sample  was  then  found  to  be  increased  from  laO 
(line  3)  to  66O  minutes  (line  4)  at  30°C.  and  100  lb.  oxygen 
pressure.  The  ccid-lree  acetone  extract  was  lound  to  contain 
about  a3/0  of  lull  ran  fee  alkyl  phenols,  indicating  that  there  are 
about  O.ij#  °f  these  in  the  original  hi  pain.  Their  odor  and 
physical  properties  indicate  that  they  were  introduced  via  the 
naphthenic  acid,  in  which  they  were  noted  to  be  present  as 
impurities.  It  is  clear,  there! ore,  that  ft up rim  is  stabilized 
to  oxidation  by  the  presence  of  impurities  in  the  naphthenic 
acid  and  that  we  have  here  a  known,  but  as  yet  uncontrolled, 
source  of  variation  in  the  oxidation  susceptibility  of  Napalm . 

Oxidation  would  be  expected  to  be  favored  by  small 
particle  size  (3).  There  is  some  indication  that  the  oxidation 
troubles  in  commercial  production  at  one  plant,  and  in  trial 
batches  made  by  an  N.D.fi.C.  contractor  were  due  to  this  cause. 

At  the  present  time  tie  incomplete  knowledge  of  the 
factors  f «vorine  oxidizability  oi  ft?- palm  is  one  of  the  most 
serious  dangers  of  the  ft •  palm  program.  It  is  known  tint  many 
oi  the  soaps  prepared  com acre icily  show  temperature  rises 
within  eight  hours  on  the  modified  iiuckcy  test  at  100°C.  while 
others  show;  no  rise  -under  these  conditions,  rurthermore, 
sufficient  long- time -expo sure  tests  have  now  been  run  to  show 
v-  ryin^  susceptibility  to  oxidation  under  ordina  ry  keeping 
conditions,  ft  is  cler-r,  therefore,  that  commercial  samples 
o£  Napalm  vary  widely  in  their  oxidation  susceptibility  and, 
there! ore ,  not  all  will  be  suitable  lor  storage  for  future 
use  os  Type  A  ft up aha.  furthermore,  while  three  possible 
causes,  namely  iron  content  01  the  aluminum  sulfate,  natural 
inhibitor  content  of  the  naphthenic  acid  and  particle  size, 
have  been  suggested  for  the  variability ,  there  is  no  guar¬ 
antee  that  other  factors  mu  y  not  also  be  at  work.  Prelimi¬ 
nary  work  at  the  Columbia  University  Labor;'  tories  of  C  .«.S*  ' 

indicates  that  oleic  acids  vary  widely  in  their  susceptibility 
to  oxidation.  The  Colgate -Palmolive -feet  Company  also  believe 
that  the  linolinic  acid  content  of  the  oleic  acid  used  in 
Napalm  manufacture  may  have  considerable  influence  upon  the 
oxidizability  of  the  Napalm. 


The  above  points  require  further  elucidation.  In 
the  meantime,  it  seems  advisable  to  be  as  cautious  as  possi¬ 
ble  in  the  selection  of  raw  materials  lor  Nr  palm  manufacture. 
Although  low  iron  content  may  not  be  essential  in  all  cases, 
it  would  seem  reasonable  to  use  acids  having  as  low  iron 
analysis  as  possible,  and  to  use  iron-,  manganese-,  and 
copper-free  alum.  No  method  has  yet  been  worked  out  for 
measuring  the  natural  inhibitor  content  of  the  naphthenic 
acid,  but  it  may  be  necessary  to  use  naphthenic  distilled 
rt  one  source  and  adjusted  to  a  definite  inhibitor  content. 
Alternatively,  sufficient  inhibitor  such  as  -ne.pb.thol, 

UOJP  ,7  5 >  etc. ,  may  hr.vo  to  be  added  to  t:  ke  care  of  all  possi¬ 
ble  natural  inhibitor  variations.  Particle  size  is  relatively 
easily  controlled  in  the  manufacturing  operations. 

The  Dispersion  of  iv  palm 

All  Napalm  for  its  final  use  must  be  dispersed  in 
gasoline  or  other  hydrocarbon  solvent.  It  wes  apparent  very 
early  that  the  solvent  played  a  part  in  determining  the  rate 
of  solution  of  the  sop,  and  the  consistency  and  other  char¬ 
acteristics  of  the  gel  formed.  Cyclohexane  and  aromatic 
hydrocarbons  in  gcner; 1  were  found  to  give  stronger  <_,els  than 
aliphatic  materials  (tl,kc ).  furthermore ,  the  setting  and 
dispersion  times  ox  the  soaps  Wore  markedly  affected  by  the 
nature  of  the  hydrocarbon  used,  for  this  reason,  the  standard 
test  gasoline,  prepared  by  Standard  Oil  Development,  has 
always  been  used  for  specification  work  and  comparative  experi¬ 
ment  s  on  different  soaps.  Attempts  ar-~  now  being  made  to  re¬ 
place  this  by  r  standardized  naphtha  so  that  errors  due  to 
evaporation,  ail i iculti . s  in  standardization  of  the  gasoline, 
etc.  can  be  minimized. 


Inve  stige  tions 
F:a ge wood  Ar  s  e nr.  1  >^3) 

gasolines,  including  the 


at  Standard  Oil  Development  and 
,  using  n  fairly  wide  range  of  motor 
ss  which  have  been  used  in  the  1  filing 


plants,  indicate,  no  comprehensive  correlation  between  any  of 
the  physical  properties  ox  the  hydroc-r  rbons  and  those  of  the 
0els.  in  Table  VIII,  comprising  results  on  a  series  of  hydro¬ 
carbons  rant,in&  from  cyclohexane  to  prralf ins,  the  hydrocarbon 
Lad  no  appreciable  ex  feet  on  ec-l  viscosity  with  the  exception 
of  cyclohexane,  which  yielded  ^els  of  higher  viscosity,  end 
t:  et^aai  cracked  gr  s oline-  which  resulted  in  gels  of  Very  low 
consistency,  weltner  of  these  materials  is  likely  to  be  met 
in  practice.  Nevertheless,  dixxerence  in  gasoline  quality 
might  be  sufficient  to  give  unstable  cels  with  specif ic.  tlon 
Nr-palm.and  rnljat  be  of  extreme  importance  in  the  Held  of  use 
ol  Napalm  Type  A, 
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The  deleterious  effects  of  some 

commercial  (. 

:ja  solinos 

are  illustrated  in  the  following  table. 

All  oi  these 

gasolines 

represent  commercial  products 

which  were 

submitted  ior  use  at 

Napalm  gel  compounding  plants 

i 

#§gul ; no 

Mobilometer 

Readings 

ra  0.1  l  _  e  v  1 0  pai  a  t 

(3%  Gel) 

4!  hrs. 

2i|  hrs . 

Phenol* 

Gasoline 

Ill  _F  L_ 

ji± 

Content 

"p  7p  Tm . 

Standard  0:i  1  Development 

Test  Gasoline 

770 

630 

— 

A 

760 

630 

1-4 

B 

700 

580 

1 .4 

C 

6J0 

550 

D 

320 

550 

45 

E 

270 

175 

^00 

*  Determined  by  the  method  oi 

vvetlaul  er , 

VanNatta  and 

Quattlebaum 

(56) 


Gasoline  B  had  an  Aniline  Point  ol  157°  l1'*  Present 
specifications  limit  this  test  to  120°  P.  maximum.  All  of  the 
other  Aniline  Points  lay  bet ween  ^5  and  110°  P.  Some  corre¬ 
lation  between  phenol  content  and  gel  performance  may  be  noted, 
though  other  effects,  such  as  the  high  Aniline  Point  of  Gasoline 
B,  also  appear  to  be  operating.  This  correlation  is  supported 
by  the  fact  that  Gasoline  E  when  washed  with  dilute  NaOIi,  rinsed 
with  water,  and  dried  pave  a  pel  performance  matching  that  of 
the  Test  Gasoline.  Peroxides  and  acids,  as  well  as  the  phenols, 
would  be  removed  by  this  treatment,  so  it  cannot  be  stated  that 
only  phenolic  compounds  caused  the  original  gel  instability. 

Another  gasoline  has  been  encountered  which  was  so 
corrosive  that  it  discolored  the  brass  Mobilom. ter  disc. 

Actual  Mobilometer  readings  are  not  available,  but  it  can  be 
stated  qualitatively  that  the  _els  were  unstable.  Treatment 
with  ammoniacal  copper  solution,  to  remove  the  active  sulfur 
compounds,  gave  a  gasoline  showing  proper  gel  stability.  The 
phenol  content  of  this  gasoline  was  zero. 

Certain  inhibitors  of  the  type  usually  added  to 
gasoline  were  found  to  have  little  effect  on  gel  consistency 
(Table  IX). 
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In  contrast  to  consistency,  the  rate  of  solvation 
of  the  hap aim  was  changed  by  at  least  a  ± actor  of  three  in 
passing  through  the  range  oi  different  gasolines  (Table  VIII). 
Limiting  consideration  to  the  regular  :notor  gasolines,  the 
solvation  rate  is  predicted  by  the  aniline  point. 

It  was  found  that  long  tine  storage  at  -^0°F.  was 
affected  by  the  gasoline  used  (Table  VIII).  V/ith  gasolines 
of  very  high  aniline  point,  syneresis  occurred  after  severa 
months,  nowever,  gasolines  ha vin0  aniline  points  below  120 
did  not  show'  more  than  4-5/0  syneresis  over  a  period  of  thre 
months  storage  at-cQ°F. 


rIO  QJ 


-^3- 


RESTRICTED 


PTp<''  Hi  O  OlO  D*  O 

O  O  O  HJ  Ijj  p'  HHco  c+  cr 

O  OO  4  ^3  P'O  O  SO  ct 


i"  pCPH  OHE(i 

H’H-H-  'A,  dP  OOHC 
3  P  13  h*  o  o  ^  p  .  r/j 
q  o  ('0-3  4  <*  .  a 

aftP-t r  PtS  4  0  cl 
M*  o  K>>4  q  4 
rv  o  Mot'  4  h  o  ro  ?>  p  k 

•  ■.:.'  d  PS  d',->-4  0>  O 

OUlOpPct  o  d  o 

n  <T\0  n  ft  M  F"  M 

•  •  O  O'  O'  Si  O 

O  4  vjvj  etctp  P  ct 

4  0  pip  o  ps  a 

&3  •  El  d  win  h*  <j  a  >3 
t~i  f»  O  •  •  PS  co  H*  41 
OO 

fn  Edco  .  .  pr-  o  o  4 
r~  M 1-  OO  op  O  d  a> 
H  V\H  •  •  O  Dj  CO  CD  ct 
HpO  H  O  HVS  d 

O  P  O  H  g  4  4  ct  4 

4  Hp  a.  o  PdH'  ct  ra 

•  h  •  ct  ct  n  a  c- 

o  pH:--  poco  co  fi¬ 
ts  O  O  o  .  ct  X 

•  p.  ft.  o  £3  P5  CO  O 

<•  .4  CD 

5*  Stcfi  «!  4s 

d  £f  H.  O  Ct 
CO  H  ct  Hj  4 
H-O  pH  O  O  £ 

4  pr  4  pr 
Pr  fio  h  4  fi' 
f-  ■  *d  d  lr  d  4 

CO  H  0;  fi  ■.  •  fcs  O' 
H  <  o  to  o 
O  H‘«  •  O  PS 


1 — 1  I — 1  t — 1 1 — 1  1 — •  ) — 1  I — 1  1 — 1  1 — 1  I — 1  l — ’  t — *  1 — 1 
vnvrvnvnvn-p  -P4--P  -f-~  -P  -P  -P 
h  h  o  o  ov<  ooc-oGoaiasuscr) 
vnvn  h  S— 1  Gvr  -4  ouipV'1  rv-  H 1 


'•  0 

cn  W  co  h  p 

HI  IP  H  Hi  Hi  H  0  H 

OHO 

iTn 

;  4 

r+  C  p  H«<| 

CD  H  4 

4  4  4  O  fi- 

H* 

O  ^ 

f-i  O 

CD 

CD  pS  ra  H  G., 

CO  CD  P 

p  j»  JO  DD  *-*> 

H 

H  0 

lO  4 

&• 

p  NO  0  4 

HpS  p. 

O  p,  Pi  cc  . 

U> 

d 

H 

1 4  H* 

g  OHl^O 

-  Pj  O 

CD  CD  CD  Ct-  pfl 

O 

C7) 

0 

lO  0  - 

D 

H  H  •  H 

CD 

P?  P- 

cr  ps 

PV 

jO  H* 

H 

O  1  PS  H  O 

O 

O  Ht 

a- 

fi> 

|G  pS 

4  1  0>  .  4 

(0  • 

ci- 

(4 

4 

P  I  1  H  B 

CO  Cl  &, 

4 

p 

|Cf  0 

O 

0  v  4  cti 

-  -  i 

-  so  @UJH 

pi 

,0  H 

O 

!P  004  O 

H  CO  — 

CD 

O 

.  M 

f rr.  ’^K.CTV'^.r"*  pN  , 

'•  O' 

1-  •  O 

t— - 

Jen 

a,  cd  - 

PS  w 

O'- 

Ct 

CD 

H  CO 
1— , 

H+. 

H 

Ops  0 

•  ct 

H 

H 

P  < 

O 

0  CD 

« 

9 

• 

:o 

M  ct 

ri  PS  p, 

P  cr  . 

-P-- 

V>: 

•P 

H 

ro  c 

0 

VC 

H 

-41 

0*j  ("• 

O 

Pr  co 

ON 

H 

O 

fJ  OD 
Ti 
H(V 
fi>  Co 

ns . 

H*  pn  (x; 

PS  g  P 
fi'O  0 

H  pi' 

-4 

co 

0  fi- 

—  .fi) 

PS  a' 

rvts 

co  cr 

vnet 

£:  ps  Ct 

H 

pr  p  0 

0  4 

h-  pr 

0  H 

0  ct 

CO  H 

p)''pr  0 

CD  H 

O 

4  CD 

O  Hp  ' 

PS-Q 

4  !'i  CD 

Od 

ri 

4  ct  H 

f-  /t, 

cr  h 

VO  l 

04  s? 

0 

ct  SP 

|3  ct 

H>  ct  ro 

cro 

O  cr 

P  10  co 

ct> 

ct  <-t 

proo 

H  co  0 

4  H 

P  4 

a  .0 

O  0  fi' 
ctp  p 

P-OS 

O 

W4 

4  ct  H 

!i° 

■r  0 

trp 

H  fi 

ra 

CO  ct 

co  p, 

co  rg 

ctd 

O  CD  O 

rr  4 

•  O 

p  ra 

vr  0  0 

P» 

HP  O 

P  P 

ON  VH  CVD  O  -O  -.O  -o  yVJO  ONO -VMVT 
I — 1  Vn  0-0  OVN  Hup  Hp  H  o 

•  *••••••••••? 

fV  P  VC  V"  O  OXN-4  H  ro  OJ  IV  O  ' 


H  HHHHHHH 

O  41V  -4  O  H  H  (V  IV-p  H  I  UO 
-4  -4  CTVJ1  H  HVH  H--4  QH  MJl 


H  H  fV 

Go  P'vr.  H  UUCU  I  VT>  VN  IN' 

VP  OP  ONVMVC  I  Vf  i\  OO'K  Vl 


r\  p  p  v  -vn  r. 

vr  vn  o  r>  vn  -4  t  o '  oh 

•  •••••!•  •  VN  I  I 

Go  ovp  ononoo  o  O  fovr  1  1 


H  H  H  H  H  H  H  H  H  H 


h  c  r>  h  1 — 1  vr  h 
Hp  r\  o  o  ono 

X  H  OVj;  On  f\  O  ' 


fV  CDP  H  c  0-41 


I  I  I 


1  oO 

i 

4 

1 

U" 

p-d  os 

H 

|H  <3 

< 

H 

)  • 

1 

- 1 

pc  1 H 

M 

>, 

CD|H 

lO  oH!  p  . 

Hi  CD 

(V-O 

ct 

H*< 

roiO 

1 

♦ 

h; 

.c+ 

1 

•  : 

| 

O, 

0.0 

,  H»-'.  >r~» 

4  H--  r 

1 

Pit*. 

(CD  O 

| 

tt; 

|P  H 

| 

did 

let  P 

1 

1 

Pi  CO 

4 

CD.O 

l  tri 

i 

Ci»i  H-1 

1  4 

i 

lH- 

,fei  O 

i 

uqP 

i  O  3 

1  •  H° 

1 

1 

V.  0 

1  i3 

i 

0.0 

I  CD 

1 

Vi  1  p 

,H  PD 

1 

i 

lP  CD 

i 

a  1 4 

,P  H 

l 

Hi  O 

1H 

iG  4 
|>i  • 

1 Q 

,4 

‘SfS 

IP 

(O' 

co 

ct|  4 

IH 

0 

1  ct 

1  CD 

1 H 

Hi  H 

i 

iQO 

|H 

viia 

iHO 

,PS 

H  icq 

IH 

,  CD|  ct 

,  fi> 

CD  i 

|H 

(4,2 

1 

lO 

IH 

uju'uu  C>— '  — 1 

1  vn  fvvr  1  O  t  1  on  1  1 

1  •  •  •  1  •  1  1  •  1  1 

P  H  O  O  V 


vn  o-H P*  — ovn  vn 


1  1  1  1 


1 4  j  ts  w 
,p  H 
I  s< 

,  J-  H 

|  T  i 

|VM,  SP 

>o,b 

lO,  o' 

t  I  p 

11-3,4 

|W 

tH 


pr  PH  HVV 

VTi  VN  GLXO-'  IVVN  O  '  P 

vn  vn  O  O  Ovn  ovn 


i 

» 

g.H 

0,0 

id  ro  pdi 

OiPl 

H  H 

i 4  _  4, 

dio 

1  -L  H 

i  O  H  S:  0  1 

p  1  p 

*  -H  O 

tO  o'  H  S3  , 

dio 

O  O 

1  *  PS  N4 

CD  id 

4- 

d  d, 

0,1 

Ct  O  1 

i*rrj 

<b  :«  1 

p ;  d 

CO  Pi 

cti  Cl- 

1 

|H 

H— , 

1  dvn  0  d| 

-Hi  co 

H 

-4 

1  ‘  -E 

.4  4  v-i 

0 

1  1  44 

1  O  H  1 

*T 

0 

,ts  cr  h*i 

• 

+ 

1  •  Pi 

W 

“^4 


RESTRICTED 


Mt— ‘I— 'l— 'f— ‘I— 'I— ‘t— '  1  Cd 
VP  V.r :  VJi  VJ1 U-:  VJ1  P  P  P*P  P  P  -P'-P  M  P 
M  H  M  O  O  OVf  tX>  CD  CO  CD  CO  CO  CO  (O  c+ 
Pvrv>'  fv  (— 1  ovr-o  ox_np~V}J  fv m  i*  o 

t  F 


oooooooooo  ro-o  o  o 

M  O  Cg  O  O  O  H1  M  HVr  J-iVP--JV>l 
O'  “O'  O — 0  — C  — 0  O'  — -0  P  n_PV>-! 


fv 

OOOOOOOOO  fV-d  t — *  I — 1  t — ’ 

•  •*•«••••••!«• 

OJ  t-1— J  H  M  f\  -p  cno-1  O  O  O  O  o\ 

O  -d  OC1U1  O  O  Oo-I  VJ1VP 


o 

|§.V  J 

/  IP  o 
C 

(Ml  fjf-  P 
|CDi  H”  Qj 

!  P  H- 
Ip  p 
1  c+f" 
i  c 
I  t  CO 


I— I 

H* 


K  i 

i 


I- 1  — 3  P'0  CO  \SJ  oov  — 0  CO  CD  O  n  Oj  CO  CO 
ClX>!  P  on  OP  O  I— 1  O  O  G'VN'OJ  CD 
vnvr  Con  Ovnvn  O  O  O  O  Coui 


I — 1  —d  — -3  CO  -d  o-j  — 0  o  j  CO  On-O  —0  O 
-d  CO  O  n  Hyj  fv  IV  O  fv  [\>V  vf  \X'  v>i 
O'.  O  OU'Ui  O  O  O  O  Ocn  O  O  O 

H- 1 

o  -d  uOG'-G\Vf  o 
i  i  i  t  i  i  i  onm:  ^.o-d  dhh 

o  O  ouivn  o  o 


CO  O  n  O  >1X7-0)  vjJ 

VJ-  o  c  o'o  o  o' 1  1  1  1  *  *  * 


o  -~d  vr  o  *-d  o  vc . 
I  i  i  l  i  i  l  -dvrP  iv  v  Pen 
vpvp  ovp  o  O  O 


•  -d  -d  coo  n-o  i  i  i  i  i  i  i 

P  l  O  O  Mp  — d  I  I  I  I  i  i  I 

^  O  Ooo'.U! 


|I  IV 

o  < 

,  1 

p  H- 

1 1 

4  CO 

1 1 

Pb  o 

,  1 

P  o 

I  *  — 0 

P 

C  CO 

(p* 

ct  4  H’ 

IP 

ct 

M 

c,  ^ 

,co 

,  1  VP 

CO  O 

,  i  vn 

• 

,  1 

\ 

,  1 

H  Q 

1 1 

o  o 

,  1 

O  H* 

.  *  -o 

W 

1  1  FV 

CO 

. 

<7;  ~ 

O  T3 

• 

,m  r- 

vp 

K-rp 

VP 

tO  ^ 

+ 

1  oP 

P* 

i  P 

p 

ui 

•  *  * 

CO 

!m  rv 
O'P 

—0 

tv 

(O 

+  & 

1  o  P 

*Vj 

i  P 

,  hX  Co 

i  •  • 

tn 

1 


I 

I 

I 

I 


l 

I 


GOOOOOOOOOOOOO 


Table  VIII  Cont'd 


» 


cr 

p 

■ 

" — 

tfl-O  w 

M 

r-4  C  L*  O  ct 

d 

ct  d  O 

& 

O  r  cr  d 

H* 

•  d  ■  3  to 

O' 

v  h>  a. 

H“ 

HrttJ 

Ct 

C  O 

O 

Ct  CO  d  ct 

d 

O  ct  co 

to 

to  d 

od  »  O 

r> 

H*  O  Q 

P 

r*  d  3 

P^ 

M  05  CO 

y 

d  ft  ct 

P> 

d  o  O 

<  pu  o  3 

Ct 

ro  d  d 

O 

r—1  O  ct  C 

d  d  r  d 

r  H*  p 

h3 

ro  4  d  ct 

c- 

h»  c-  d 

r/) 

O  CO  d  d 

ct 

O  O  CO 

- 

d  O  O' 

d  ro  o  c'o 

on 

f  H*  H<  X 

r*i 

co  ct  d  o 

r.o 

tp  H*f-  (: 

of  "a 

d  w  d  ct 
Pj  co 

H»  O  f.  *1 

D  4  to 
o 

ct 

o 

p  cl 


Ct  t*. 

O  O 
d 

to 

ct  r- 


O  & 


•  c:*  co  f 

ct 

5  “'j  Co  ct 
•t  P  >3 
O  &  r"  ct 

r.r  .  d  o 
H*  3  c,  t? 

d  ■' 

C;'  *-i  Ct  CO 
d'  ct 


_  ct  p. 

d  d' 

t— 1  CL  H* 
ct  d  d 

H' 

ti  t*  c+ 
HO  ^ 
H"  d  O 

O 

a. 


o 

M 

H" 

d 

ro 


oo 


'O 


d 

a> 


-*5- 


vn 

P" 

•"-O 


vr 
P 
0\  vn 


*a 

tr 

ct* 

d1 

o 

M 


*tJ 

-P 

-P 


H-1 

O 


H- 1 

a 


-o 

On 

VP 


-0 

-0 

o 


vn  vn 

P 


c 

H- 

• 

St 

VJ1 


I 


cl 

c 

Tt 

• 

4 

P 


O 


t-J 

o 


-4 

O 


a 

c-  ' 

.  p  fe*. 
t>  p 

3 

-3 

-o 

d 

•  “VI  P^ 

H* 

O 

Ov 

p 

O' 

d 

O 

vn 

o 

O 

• 

3  P. 

Ki  ( '■  P 

o  «<i  co 
d' 

c;_ 

CO 

-3 

• 

H  ct  O 

O 

p: 

On 

rr 

d  c’>  d 

vr. 

O 

vn 

BSSS1' 


biCT)BD 


H*  M 
vn  vn 
p  p 
V*  P) 


Cl 

o 

41 


d 

*x) 

o 

d 

ct 

»;■ 

ON 


H-1 

VP 

■P 

M 


tJ 

d 

*r; 

o 

d 

Ct 

4 

vn 


td 
p  p 

O  ct 

♦  o 

dr 


•y 

:& 

:s 

|H” 
I  C+ 

iO 

Id 


P' 

o 


ro 

i 

l  P  C 
IP  H-’  P 
i  O  d 
id'VH1  P-* 
IO  d 

I  d  P*  0. 

id  P  d 
i  w  '-<1 


cr  c. 

o 

GO 

V 

vr 

CO 

GO 

Go 

GO 

t  co  r; 

o 

d 

t-1 

o 

Go 

vn 

o~-> 

vn 

i  ''  3 

O 

(0 

o 

O 

O 

O 

vn 

O 

O 

i  ct  -H  co 

i 

|H 
ivn 
IO 
i  o 
i 

tdj 

I* 

I 


H- 1 

o 

o 

co 

c- 

o 


it-d 

|H> 

f — •' 
C 

o 

ct 

o 

H; 

Q 

P 

CO 

o 

H-> 

H* 

d 

O' 


o 

Id 

H* 

O' 

H» 

Ct 

O 

d 

CO 


1  d 

iO 

,d 

■ 

|t9 

IP 

id 

id 

it)  <* 

.p 

|H 

-0 

-o 

—3 

-0 

i  a  [n  H- 

1*0 

lO 

c 

h-1 

o 

M 

M  w 

If 

1 

vn 

o 

vn 

vn 

1  CO  O 

.d 

|H 

o 

.  Ct 

IX 

to 

|H* 

id  H” 

|f 

-o 

O' 

— 3 

i  n  -o  ct 

.CO 

H- 1 

Go 

O 

M  vd 

1 

.o 

o 

O 

O 

o 

ICO 

p 

j 

lU  H 

vr 

GO 

r-3 

— 3 

1  P  O  Cj 

P 

—3 

oo 

V>‘ 

jOd  vti  0* 

o 

vn 

O 

O 

I  co  H 

r- 

dJ 

O 

pr 

r 

J3 

r* 

a 


d 

G- 

M 

co 


RES 


TRICTED 


TnE  TEoTlIiG  OF  kATALivi 

The  object  of  tnc  testing  procedure  ior  Napalm  he  s 
been  to  moke  tests  available  which  would  insure  r  satisfactory 
end  product  ior  use  in  the  Held. 

The  ideal  requirements  for  a  satisfactory  thickening 
agent  ior  gasoline  are: 

1.  The  rheological  behaviour  of  the  ^.cl  must  be  non-** 
k  e  w  t  on  i  an  -and  p  s  e  ud  op 1 c  s  t i e  . 

k.  a.  sticky  gel  with  appreciable  strinu  must  be  formed. 

It  must  not  be  "short"  or  crumbly. 

3.  The  gel  ^ust  have  reproducible  consistency  at  any 
given  concentration. 

4.  The  consistency  must  not  be  too  greatly  affected  by 
variations  in  gasoline  quality. 

3.  Mixing  of  the.  thickener  with  gasoline  to  give  a  uni¬ 
form  gel  must  be  easy. 

for  Type  B  uses 

l.  The  ^el  must  be  stable  from.  -^0  to  l<eO°  F.  over  long 
periods  oi  time  to  allow  for  variable  storage  conditions. 

k.  The  0el  must  be  stable  <-nd  ignite*  :t  -4O0  F. 

For  Type  a  uses 

l.  The  solid  soap  must  be  stable  over  long  periods  at  both 
low  and  elevated  temperatures  giving  a  satisfactory  gol  when 
mixed  with  Quartermaster  pool  gasoline. 

In  addition  to  the  routine  analytical  tests  on  the 
solid  soap,  which  would  describe  its  chemical  composition,  it 
seemed  Very  necessary  to  have  some  form  of  consistency  test 
on  the  gel  formed  In  gasoline.  Early  work  at  Eastman  Kodak 
and  Standard  Oil  Development  (3)  had  indicated  that  the 
apparent  consistency  of  the  gel  was  closely  related  to  its 
performance  in  actual  use.  with  this  In  mind,  the  specifica¬ 
tion  C  .S  lyo-131-107  was  issued  ll/ly/igk  to  describe  as  closely 
as  possible  the  xirst  satisfactory  samples  oi  napalm,  (originally 
known  as  X-IO4).  It  was  believed  to  be  unnecessary  to  differ- 

•*  This  is  more  r.  function  of  the  gasoline  than  of  the  solid 
thickener  employed . 
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entiate  between  Napalm  Types  A  and  B  except  for  the  specifica¬ 
tion  oi  a  certain  minimum  setting  time  for  Type  a,  designed 
to  allov/  satisfactory  field  mixing  (5).  Since  little  was 
known  of  the  effect  or  many  variables  in  the  manufacture,  it  was 
believed  necessary  to  include  limits  for  aluminum  content,  a 
test  for  free  sulfate,  etc.  On  the  basis  of  satisfactory  re¬ 
sults,  the  Gardner  Viscosimeter  was  adopted  as  the  standard 
instrument  for  measuring  0el  consistency.  It  was  expected  from 
the  scanty  knowledge  of  the  soap  available  at  the  time  that 
trouble  mi  Jit  be  experienced  with  the  specifications  and  f re¬ 
quest  revision  would  be  necessary. 


By  the  time  of  the  January  meeting  on  Map aim 
it  had  become  clear  that  some  revisions  of 


at 

Bayway  it  had  become  clear  that  some  revisions  of  the 

specifications  mi  Jit  be  required,  and  in  particular  that  the 
method  for  running  gel  consistency  would  require  more  investi¬ 
gation  and  very  close  specif  ic •.  tion .  To  do  this,  a  joint  CwS- 
NDRC  committee  wa s  formed  and  met  several  times  at  Bd^ewood 


to.  formulate  adequate  testing  methods.  V»ith  respect  to  con¬ 
sistency  determinations,  considerable  work  on  ten  Napalms  at  a 
number  of  concentrations  qe£  to  the  following  con¬ 


clusions  : 


I.  The  Gardner  instrument,  of  the  viscosimeters 
tried,  yielded  most  consistently  reproducible  results. 

A.  At  soap  concentrations  above  y/0>  reproducibility 
is  greatly  impaired.  iior  this  reason  8>  was  picked  as  a 
standard  testin0  concentration. 

J.  Providing  the  gel  is  worked  once,  reproducible 
readings  are  obtained  at  8^  concentration.  It  is  unnecessary 
to  work  the  Ool  ten  times. 

4.  Check  readings  within  JO  grams  can  readily  be 
obtained  on  the  same  gel  ii  a  rigidly  standardized  procedure 
is  followed. 


As  a  result  of  this  work.  Directive  No.  nOl  was 
issued  4/^ 4/4 3,  followed  by  its  revision  No.  <iOlA,  7/16/45. 
(Appendix  VIII). 

As  knowledge  01  the  properties  ox  Napalm  increased, 
it  became  evident  that  some  of  the  specifications  were  of 
little  utility  in  guaranteeing  good  material,  nence,  certain 
requirements  01  the  original  specification,  e.t.  aluminum  and 
sulfate  contents,  were  removed.  It  also  became  clear  that 
the  most  important  danger  to  be  guarded  against  was  inadequate 
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stability  of  the  gasoline  gel  on  keeping.  In  this  respect, 
however,  the  drop  in  viscosity  on  keeping  from  two  days  to 
seven  days  was  found  to  have  little  significance  .  ( 5 )  Further¬ 
more,  the  waiting  involved  in  the  seven-day  test  was  trouble¬ 
some  to  the  manufacturers,  ceusin_  a  lrrge  tie-up  of  material 
awcitin0  approval.  For  this  reason,  the  seven-day,  77 °F *  test 
was  dropped  when  revised  speeix ic  ' tions  were  issued  4/26/45. 

In  these,  the  48  hr.  77°f  •  +  ^4  hrs.  150°F.  test  in  a  stoel 
tube  was  retained,  the  viscosity  bein_  found  to  drop  to  a  con¬ 
stant  level  and  decide  a  se  no  further.  This  drop  is  believed 
to  be  equivalent  to  that  which  the  gel  would  undergo  on  stand¬ 
ing  for  several  months  at  room  temperature.  This  test,  how¬ 
ever,  still  involved  a  wait  of  two  days  at  77 °F»  before  the  one 
day  at  I500.  ft  was  thought  that,  one  day  at  130°F.  applied 
immediately  after  mrkine  up  the  gel.  would  give  similar  results 
and  this.:. was  found  to  be  the  case  ^4*^5) .  Table  X  indicates 
negligible  change  in  consistency  after  <-4  hrs.  at  150°!'. 

Table  XI  presents  a  comparison  of  the  two  types  of  specifica¬ 


tions  . 


Table  X 

Time  after  Storage  at  150°!.  ^53) 

(pairs  of  numbers  are  duplicate  tests,  Gardner  reading) 


i.uodex 

i;i  c  Gean 

Bakins 

Pfister 

Nuodex 

3^080 

3^033 

684 

_  ,5:4  ,  . 

30A 

883555 

2  hrs.  150°F. 

510,4^0 

710,730 

54O, 50O 

730,710 

500,430 

600 

4  hrs.  150°F. 

450,440 

740,730 

540,530 

740,730 

470,430 

16  " 

— 

560 

— 

— 

— 

4a  0 

560,550 

586,560 

520,530 

84O , 640 

480,530 

510 

48  " 

530,550 

5?o,530 

520 , 300 

580,600 

450,540 

480,460 

560 

36  ” 

550,4/0 

530,530 

370,430 

570,570 

540 

A  4-3  hrs. 77°  F. 
w  163  hrs.77°F. 

05O, 00O 

730, 3oo 

540,550 

740,700 

04O,  jclO 

olQ 

—  —  ~ 

04O 

—  —  — 

•  —  -  - 

—  - 

04O 

%  Moisture 

Vac .  Oven  5 
hrs.  550  C. 

1.2 

0.4O 

0.65 

O.5O 

O.44 

CV.S  Benzol 

1.7 

0.3 

l.l 

0.6 

0.6 

0.8 
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Table XI 

Comparison  of  1^0°  F.  Keeping  Tests 

Nuodex  ^  ^^uodei^  ^harmoA^^Nuodei;^  ^  ^NuodeJt"^  ^ 

130^2  _  33^  3^030  _  :33^5‘2R 


o<‘ 

< 

2> 

O 

• 

Oven  ivlois 

ture 

(nip  hrs 

.  5o°  c. ) 

--- 

1.10 

1.50 

-— 

-  — — 

%  Vac. 

Oven  Mois 

ture 

(5  hrs. 

55°  c.) 

— 

1.2 

--- 

%  Moisture  CDS 

Benzol 

--- 

1.7 

0.3 

44  hrs. 

770  F. 

□40, 05O 

5>o, 550 

6J0, 

610 

— 

— 

48  hrs. 

77  °F. 

840 

64O ,  o2  0 

610, 

o2  0 

580,650 

olO 

48  hrs. 

770  r.  4 

530 

24  hrs . 

150o  F . 

64O 

50O 

530, 

570,550 

570 

24  hrs , 

150°  F. 

510 

510,510 

3>o 

5o0, 550 

510 

c.  hrs . 

H 

VP 

O 

O 

>xj 

• 

o65,710 

550,550 

500, 

500 

510,450 

06O 

I08  hrs 

.  770  F. 

— 

650, 650 

530> 

550 

64O 

04O 

The  new 

spccil ic 

-tions  now  a 

How  testin.  t 

0  be 

completed 

in 

about  f 

ifty  hour 

s  after  prep 

sration  of 

the 

soap 

* .  At  the 

sa:ru 

time  th 

st  this  1; 

a  st  change  w 

as  made,  a 

two 

-hour 

■  at  I5O0  I 

11 . 

test  was  also  introduced.  It  .was  thought  that  this  would  indi¬ 
cate  the  maximum  consistency  attainable  by  the  particular  gel', 
but  subsequent  studies  do  not  confirm  this. 

As  pointed  out  in  the  next  section,  the  moisture  con¬ 
tent  of  the  solid  soap  has  a  profound  effect  upon  its  properties 
in  the  gelstetate.  Nevertheless,  the  determination  of  moisture 
in  a  material  of  this  type  is  exceedingly  troublesome.  In  the 
original  specifications,  the  Dean  and  Stark  method  for  deter¬ 
mination  was  adopted,  it  being  thouJ.it  that  this  measured  ap¬ 
proximately  the  “freed*  moisture  of  the  soap,  wi  investigation 
cl-arly  showed  the  amount  ol  water  collected  depended  upon  the 
boiling  point  of  the  solvent  used,  the  length  01  time  of  dis¬ 
tillation,  etc.  (18,26) #  Moisture  specif ication  consequently 
was  allowed  to  ltpse  for  v  time,  now ever,  with  the  onset  of 


humid  summer  weather  it  became  clear  that  many  manufacturers 
were  allowing  soaps  to  pick  up  moisture  before  or  during 
packaging,  which  subsequently  caused  failure  in  the  1$0° 
consistency  test.  For  this  reason  the  new  moisture  specifi¬ 
cation  was  introduced  July  8,  ly43>  a  of  0 •  8/t  by  benzol 

distillation  being  set. 

It  will  be  evident  from  the  present  specifications 
(Appendix  VIII)  that  principal  reliance  for  securing  good 
product  is  now  placed  upon  (1)  control  of  moisture  content 
and  (2)  control  of  consistency  after  exposure  to  one  day  at 
150o  F.  The  introduction  of  a  test  for  oxidation  suscepti¬ 
bility  into  the  specifications  may  be  necessary,  particularly 
since  reports  of  oxidized  soaps  have  been  received  from  over¬ 
seas  and  from  compounding  plants. 
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Appendix _I  * 

The  Manufacture  of  Napalm 


Expansion  of  Section  A  (p«3)>  The  Mechanism  of  Precipitation. 

A  more  complete  representation  of  the  Napalm  precipi¬ 
tation  process  is  given  by  the  following  equations: 

1)  6NaR  +  Al^(SOi+)j  =  aAlRj  +  JNa^SC^ 

2)  2NaOH  +  IfNaR  +  AlgtSO^  =  2Al(0h)R^  +  3  Na^SOj^ 

3)  4NaOH  +  2NaR  +  ATJSO^  =  2A1(0H)^R  +  3NaaS0^ 

Equation  1  is  theoretical,  since  aluminum  soaps 
hydrolyze  — 

q.)  AIR^  +  n^O  •  ->  A1  ( On  )R^,  +  hR 

In  the  above  equations,  hR  denotes  tne  mixture  of 
cocoanut,  naphthenic  and  oleic  acids  used  in  Napalm.  in  this 
case,  the  molecular  wet  Jit  of  HR  is  approximately  233,  end  the 
corresponding  aluminum  contents  of  the  three  soaps  shown  above 
are:  AlRj,  3.74#,  A1(0R)RC,  5*  3°;°,  arid  A1  ( Oh  )^R,  y.  2a. 

Analyses  show  that  most  satisfactory  Napalms  contain 
between  5*4  and  5*3/°  Al.  in  terms  of  the  above  compounds,  this 
indie' tes  a  mixture  of  AllOhjR^  and  Al  (OR  )  R  containing  between 

57*8  and  37*3 %  Al ( Oh )R^ .  Because  of  hydrolysis,  all  Napalms, 
contain  some  free  acid,  so  the  actual  percentage  of  Al ( OH )^R 
is  probably  hijier  than  the  2  .£  to  1^.A%  indicated. 

The  NaR  is  formed  by  the  reaction  of’  ha  OR  and  HR. 
it  will  be  smn  that  Equations  1,  <e,  and  3  all  involve  a  total 
of  6  inols  of  NaOh.  In  Equation  1,  all  6Na0h  have  been  con¬ 
verted  to  NaR.  In  Equation  2,  iqNaOii  are  present  as  Soap,  and 
2NaOH  are  free:  thus,  the  ratio  of  free  to  combined  NaOh  is 
50 fo.  In  Equation  3,  the  ratio  is  A00%.  To  give  a  mixture  of 
97*8 %  of  the  product  of  Equation  2,  and  2,2%  of  Equation  3, 
the  ratio  of  free  to  combined  NaOh  can  be  calculated  to  be 
53.3%.  For  37.8%  of  the  produce  of  Equation  A  and  l£.A%  of  the 
product  of  Equation  3,  the  ratio  would  be  68.3/0.  ^once,  the 
range  of  aluminum  contents  can  be  controlled  by  the  ratio  of 
free  to  combined  NaOh,  over  the  range  of  53  To  69%.  Success¬ 
ful  Napalm  manufacture  actually  uses  about  60%  free  caustic. 
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A1  ( OH )R-  contains  ^1  ,y/0  of  the  gasoline-soluble  R, 
while  a1(0H)^R  contains  79. 2#. R.  Expressed  in  another  way, 
i*.l(Oh)R .  contains  only  8.7/0  oi  the  et.soline -insoluble  hi  and 
OH,  while  nl(OR)cR  contains  -eO.S/o  01  such  groups.  Hence 

AH’OiijR^  would  bd  expected  to  give  a  weaker,  more  extensible 
gel  in  gasoline,  too  wee. k  i'or  the  intended  purpose.  Hi ( OR  )gR, 

however,  would  lack  solubility,  would  be  extremely  difficult, 
it  not  impossible  to  disperse  at  room  temperature,  rnd  would 
give  a  low  extensibility  -el  if  dispersed.  The  mixture  ob¬ 
tained  by  usii2w.  from  53  to  'of  fa  free  caustic  is  thus  a.  bale  nee 
of  desirable  and  undesirable  properties :  sufficient  extensi¬ 
bility  and  gel  strength,  with  the  ability  to  disperse  at  room 
temperature  in  gasoline.  The  ratio  of  free  to  combined  iMauH 
controls  the  relative-  proportions  of  Equation  c.  and  Equation 
3,  and  hence  the  gel  strength  of  the  product  (Table  I,  p..  4). 

It  is  seen  that  high  r  tios  of  free  Ha  OH  give  too  much  HI  ( OH  )^R, 

which  will  not  disperse,  and  hence  the  gel  strength  decreases 
if  the  ratio  is  too  high.  The  maximum  strength  appears  to 
occur  at  about  oO  j  free  caustic. 

Equatiors  1,  eL  and  3  indicate  that  6  mols  of  Ns. OR 
are  used  in  all  ses,  regardless  of  the  ratio  of  fra*,  to 
combined  Nr. OH.  T.’  oso  6  mols  require,  in  all  cases,  one  mol  oi 
21^(80^)^.  If  ::.o  £  tty  acid  were  present,  the  reaction  would  be 

5)  6  Ne.Oh  -i  nig  ( SO^ ) ^  =  2^-xl(0H)j  +  3^a^20^ 

That  is,  one  mol  of  alum  reacts  with  6  mols  oi  NaOH,  regardless 
of  the  amount  01  fatty  acid  present.  The  quality  of  napalm 
formed  is  controlled  by  the  ratio  oi  ns  On  and  nR,  not  by  the 
ratio  of  Ns OH  rnd  alum.  This  is  iurther  borne  out  by  £  secon¬ 
dary  reaction  vaaich  occurs  when  alum  is  added  to  am  a  OR: 

6)  8  No  OF.  +  ;il^(S04)^  =  HNanlOg  +  JNa^SO^  +  ijHgO 

Sodium  alumina. te  forms  when  the  pH  is  above  10.6.  aluminum 
hydroxide  will  not  form  until  the  pn  drops  below  10.6: 

7)  12  H  ,  0  +  bNaHlOg  +  Hl^ (SO^)^  =  8nl(0H}j  + 

Similarly,  Napalm  will  not  form,  if  fatty  acid  is  present,  until 
the  pH  drops  below  10.6.  If  HR  is  present,  the  R  combines  with 
the  HI  to  form  "  soap.  If  no  HR  is  present,  the  reaction  is 
similar,  except  that  tho  precipitate  is  a  hydroxide. 
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ivs  stated  in  Section  A,  the  actual  precipitation 
may  be  viewed  as  a  titration  in  which  alum  is  added  to  NaOH 
and/or  NsR.  Figure  I  illustrates  this.  Curve  I  was  obtained 
in  the  laboratory,  using  the  plant  solutions  employed  on  a 
large  scale  in  Curve  II,  but  without  the  it  tty  acids.  The 
break  at  pH  10. p  occurs  with  less  alum  in  Curve  II  because 
only  the  free  NaOH  forms  the  aluminato  (Equation  6).  The 
second  break  occurs  when  both  free  and  combined  NaOii  arc 
neutralized.  This  is  independent  oi  the  ratio  of  tree  to 
combined  NaOH.  Consequently,  the  coagulation  point  occurs  at 
the  same  pH  (about  7)  regardless  of  the  ratio  of  free  to 
combined  ivaGH. 

Curve  III  shows  data  for  method  II.  cere  the  Tree 
NaOH  (as  Na^COj)  has  been  added  to  the  alum.  The  absence  of 

free  NaOH  in  the  soap  precludes  any  aluminate  formation. 

Napalm  begins  to  precipitate  as  soon  as  alum  is  added,  while- 
in  Mctnod  I,  about  35%  of  the  alum  is  added  before  the  pH 
drops  below  10.6,  and  Napalm  precipitates.  The  presence  of 
the  free  NaOH  (as  carbonate)  in  the  alum  explains  the  higher 
final  pH  of'  Curve  III. 

i.t  the  present  time,  there  is  evidence  that  the 
presence  of  A1(0H)S0^  in  the  alum  solution  used  for  precipi¬ 
tation  is  "n  added  source  of  hydroxyl  ions,  and  may  therefore 
el  feet  ivc-ly  increase  the  ratio  of  free  to  combined  caustic, 
ttork  is  in  progress  to  clarify  this  point. 


'*■  RESTRICTED 

.appendix  II 
Batch  Method  I 


:%s  stated  elsewhere  in  this  report,  this  variation 
of  the  coprecipitation  method  is  toeing  recommended  as  a  stan¬ 
dard  process.  The  basis  lor  this  choice  is  the  greater  quantity 
of  information  available  from  the  manufacturers  employing  this 
method.  The  following  discussion  will,  therefore,  be  ex¬ 
panded  in  considerable  detail  in  order  that  it  may  serve  as  a 
plant  procedure  to  any  new  manufacturers  who  might  be  asked  to 
produce  Napalm,  where  specific  quantities  are  given,  they  are 
averages  of  the  actual  quantities  used  by  present  manufacturers. 
Figure-  6  shows  r  schematic  flow  sheet  lor  a  cOOOfr  batch  of 
Napalm  manufactured  by  the  recommended  procedure.  Table  XII 
gives  a  summary  of  material  quantities  and  tank  sizes  lor  any 
desired  sixe  of  batch  of  Napalm  with  speciiic  values  for  a 
2000 if  batch. 

1.  Raw  Materials 

a.  li.cids 

Variations  in  acid  quality  have  been  found  to  be 
pertly  responsible  lor  differences  in  the  character  of  th~  soap 
produced.  Close  adherence  to  specifications  by  regular  labora¬ 
tory  testing  of  new  shipments  is  a.  prerequisite  of  satisfactory 
Napalm  production.  ft  is  also  advisable  to  retain  samples 
l*- bout  1  gal.)  of  each  new  batch  for  future  reference  if' 
nccess-ry.  The  following  specifications  have  been  found 
suitable . 


Specifications  Cocoanut  Fatty  ,.cids  Naphthenic  _yc id  Oleic  _ycid 


iicid  number 
Iodine  number 
Iron 

Un  s  ap  on  i  f  i  a  b  1  e 
Titre  °F. 


26O-27O 

below  1 5 
below  O.Ol/o 
cy0  Maximum 
75-77 


2^0-245 
below  10 
below  0.01% 

below  3% 


1 ^0-^00 
83-^0 

below  0.01% 
below  2% 

8°-l^ °c 


b.  Caustic 

Flake  or  liquid  caustic  may  be  used,  the  quantities  * 
recommended  lor  use  in  this  report  rrs  based  on  100%  Ha. Oh 
(77.5%  NagO).  The  iron  content  should  be  kept  below  O.Oly. 
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c .  Alum 


restricted 


War  restrictions  have  been  placed  on  the  use  of  alum 
made  from  aluminum  hydroxide  -  " trihydrate" ,  and  so-called 
"Victory”  or  "War  Grade"  alums  made  from  kaolin  clay  have  been 
offered  as  substitutes.  There  is  no  stron0  evidence  that  the 
"Victory  Grade"  material  is  not  entirely  satisfactory  as  long 
as  the  iron  content  is  below  0.01/o  and  other  metallic  impuri¬ 
ties  are  kept  very  low.  Nevertheless,  it  is  highly  desirable 
that  the  old  pre-war  grade,  made  from  trihydrate,  be  used  in 
order  to  avoid  any  possibility  of  trouble.  Some  "Victory 
Grade"  alums  contain  a  certain  amount  of  insoluble  siliceoxis 
residue,  which  settles  during  solution,  but  appears  to  have 
no  effect  upon  gel  properties  (^7).  Acceptable  alums  contain 
15.3-17.5%'  Al^Qj  and  43-47/0  SO^. 

d .  hater 

No  dill iculties,wi til  one  possible  exception,  have 
been  traced  to  w-ater  supplies,  and  it  is  believed  that  unless 
extremely  hard  eaters  are  used,  no  attention  need  be  given  to 
this  factor. 

£• _ Preparation  _of  .Sodium_Soap  _Solution. 

The  acids  are  mixed  in  the  weight  ratio  of 

Oleic  acid  A 5 % 

Naphthenic  acid  A5/0 

Cocoanut  oil 

fatty  acids  50% 

The  mixing  may  be  carried  out  in  suiiicient  quantity  for  one 

batch,  although  where  facilities  are  available,  it  has  been 
found  convenient  to  make  up  one  or  more  days'  supply  at  one 
time.  The  average  yield  of  dry  Napalm  may'  be  taken  as  105 
pounds  per  100  pounds  oi  mixed  acids  (57)  and  the  average 
density  of  the  mixed  acids  is  about  7 . 66# /gallon .  The  quanti¬ 
ties  of  acids  required  for  one  ton  of  dry  Napalm  are 

Naphthenic  acid  47b  pounds 

Oleic  acid  476 

Cocoanut  oil  fatty 

acids  _3'5A 


Total  1,304  pounds  a  volume  of 

A43  gals. 

Therefore,  a  tank  of  about  3OO  gallons  capacity  would  be 
suitable,  a  sample  of  tne  mixed  acids  is  withdrawn  lor  deter¬ 
mination  of  acid  number. 
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The  required  quantity  of  sodium  hydroxide  is  calcu¬ 
lated  from  the  acid  number  of  the  mixed  acids.  This  is  indi¬ 
cated  in  the  following  example  of  production  of  2000^  of  dry 
Napalm  from  mixed  acids  having  an  acid  number  of  ^40 : 

By  definition,  the  acid  number  is  the 
milligrams  of  KOH  required  to  neutralize 
one  fcram  of  acid  to  an  endpoint  usine 
phenolphthalein  as  an  indicator. 

NaOR  required  is  60%  in  excess  of  the 
amount  necessary  to  neutralize  the 
acids . 


x  2000  x  .240  x _4Q_  x  1.60  =  5 22  #NaOfi/ton  dry  Napalm. 

The  method  of  adding  the  caustic  to  the  mixed  acids  will  de¬ 
pend  on  the  particular  manufacturer's  facilities,  a  conveni¬ 
ent  method  is  to  dissolve  the  caustic  in  water  to  e  concen¬ 
trate  on  of  about  10/o  by  weight  (^6y  Oallons  of  water  per  ton 
of  dry  Napalm  to  be  produced)  in  a  separate  small  tank.  This 
solution  is  then  pumped  or  drained  into  the  precipitator 
tank,  the  acids  added  through  a  cloth  filter,  and  after  15 
minutes  agitation  water  is  added  until  the  proper  total  volume 
is  reached.  The  recommended  concentration  of  fstty  acids  in 
the  precipitator  tank  prior  to  alum  audition  is  one  pound  per 
gallon.  Therefore,  the  sodium  soap  solution  should  be  diluted 
to  1^04  gallons  before  the  alum  is  added. 


This  dilution  drops  the  percent  of  sodium  soaps  and 
excess  caustic  in  the  solution  to  approximately  15%  by  weight, 
a  figure  agreed  upon  as  about  the  optimum  cy  most  manufacturers. 
Lower  concentrations  of  sodium  soaps  tend  to  produce  Napalms 
which  give  weaker  gasoline  gels. 

Solution. 

The  amount  of  alum  required  is  about  11 5%  of  that 
necessary  to  supply  sulfate  equivalent  to  the  sodium  added 
in  the  caustic.  Actually  the  quantity  of  alum  solution  added 
may  be  controlled  visually  by  the  occurrence  of  coagulation 
(at  about  100%  of  sulfate  equivalent),  after  which  about  1 5/o 
excess  is  added. 
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Assuming  an  alum  containing  47?°  SO4,  the  weight 
required  is  calculated  as  follows: 


Basis:  1  ton  dry  Napalm 

from  (h)  the  weight  of  NaOii  to  be  used  is  5 4^ 

%  x  I  *  ^  x  U15  =  155l» 

The  required  amount  of  alum  is  dissolved  in  water  to 
a  concentration  of  ±5%**  the  temperature  being  held  at  about 
105°F».  ‘the  solution  is  cooled  to  about  and  allowed  to 

clear  by  settling,  lor  one  ton  of  dry  Napalm,  the  volume  of 
solution  is  then  approximately: 


1555  x  85  +  1535 


_i_5 

y.O 


=  H57  gallons 


The  density  of  a  10%  alum  solution  is  about  y.O  #/gal , 
4«  The  Precipitation. 


The  precipitator  tank  should  have  a  total  volume 
about  one  and  a  half  times  that  of  the  liquids  it  is  to  hold. 

This  is  equal  to  the  volume  of  the  sodium  soap  solution  plus 
the  volume  of  alum  solution  or,  lor  one  ton  of  dry  Napalm, 

1.5  (T7O4  +  1157)  =  45^0  gallons. 

The  additional  volume,  while  not  absolutely  essential,  is 
desirable  to  allow'  for  agitation  and  possible  foaming.  The 
tank  it  sell  may  be  of  wood  or  steel  and  must  be  equipped  with 
an  agitator  oi  sufficient  power  to  give  rapid  mixin0.  narrow/ 
radial  bailies  (usually  four  in  number  spaced  ^0°  apart)  around 
the  inside  of  the  tank  have  been  found  to  aid  in  obtaining  the 
degree  of  agitation  desired.  The  alum  feed  lines  should  be 
placed  in  such  a  way  that  the  alum  solution  is  quickly  diluted 
as  it  enters  the  tank.  This  may  be  accomplished  by  introducing 
the  alum  below  the  liquid  surface  by  means  of  multiple  pipes 
or  by  shower  heads  placed  near  the  agitator  blades.  The  precipi¬ 
tation  tank  should  be  equipped  with  steam  and  compressed  air 
lines  1 e  r ding  to  the  bottom  of  the  tank,  temperature  and  level 
indicators,  and  a  dump  valve  large  enough  to  avoid  plugging  when 
the  precipitate  is  dropped  to  the  filters.  It  is  necessary  to 
provide  means  for  access  to  the  top  of  the  tank  to  enable  the 
operator  to  observe  the  progress  of  the  precipitation. 


Up  to  30%  concentrations  have  been  used  successfully. 
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The  agitation  requirements  of  the  precipitating  tank 
have  not  been  correlated  with  batch  size  and  information 
available  is  of  a  qualitative  nature.  Insufficient  agitation, 
or  too  rapid  alum  addition  results  in  local  high  concentrations 
of  alum  surrounded  by  an  alkaline  solution,  and  premature  pre¬ 
cipitation  of  large  puffy  agglomerates  may  take  place,  further¬ 
more,  towards  the  end  of  the  precipitation  the  coagulation  may 
be  so  sudden  that  the  soap  cake  cannot  oe  broken  up  by  the  agi- 
t  tor  and  difficulty  will  be  experienced  in  dropping  the  batch 
to  the  filters.  Inclusion  of  unreacted  sodium  soaps  may  take 
place  due  to  the  sudden  coagulation  and  subsequent  washing  with 
water  may  not  remove  these  undesirable  materials.  Overagitetion 
on  the  other  hand,  usually  results  in  finer  particle  size, 
which,  ii  densifying  equipment  is  not  available,  will  result  in 
o  higher  percentage  of  fines  during  screening  and  may  increase 
the  oxidizability  of  the  soap  and  decrease  the  time  of  setting. 

Agitators  may  be  either  propeller  or  paddle  types 
depending  on  availability.  Power  requirements  are  oi  the  order 
of  15-20  fi.P.  for  a  2000^  batch  of  Map  aim  made  in  a  tank  of' 
usual  proportions.  The  actual  power  requirements  and  speed 
should  be  determined  for  the  particular  tank  to  be  used. 

The  precipitation  is  carried  out  at  35°?'.  end  this 
temperature  should  be  held  to  within  +  5°  ?’•  The  alum  is  added 
slowly  with  agitation,  the  rate  of  flow  being  adjusted  so  that 
the  total  time  of  addition  is  about  one  hour.  By  means  of  an 
orifice  in  the  alum  line,  the  proper  rate  of  addition  may  be 
insured  without  constant  adjustment.  Precipitation  at  first 
occurs  slowly,  final  coagulation  (the  "strike" )  taking  place 
after  about  85/0  of  the  total  alum  is  added.  The  precipitate 
floats  to  the  surface  of  the  liquid  which  gradually  becomes 
clear  as  the  alum  addition  is  continued.  When  the  required 
excess  of  alum  has  been  added,  the  liquid  is  no  longer  turbid. 

The  precipitate  should  be  washed  until  the  extraneous 
salts  are  reduced  at  1 e  ast  as  low  as  l-/0.  The  amount  of  water 
necessary  depends  upon  the  method  used  for  washing.  Under  poor 
conditions  of  contact  between  the  precipitate  and  the  wash 
water,  adequate  washing has  been  secured  by  the  use  of  a  volume 
of  wash  water  equal  to  the  volume  of  liquid  present  in  the 
precipitating  tank  at  the  end  of  the  precipitation.  This 
water  should  be  used  in  two  or  more  portions.  The  extraneous 
ash  may  be  estimated  by  determining  the  total  ash  and  the 
aluminum  content  o±  the  Napalm,  correcting  the  total  o.sh  for 
the  aluminum  oxide  present. 

In  some  cases  it  has  been  found  that  a  washing 
operation  with  dilute  alum  solution  before  the  water  wash  has 
c  beneficial  effect  (*7 ) .  in  cases  where  coagulation  causes 
r,  stiif  cake  to  form,  the  inclusion  of  sodium  socp  may  be 
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large  and  the  alum  washing  will  help  by  removing  or  reacting 
with  these  undesirable  soaps.  If  an  alum  wash  is  used,  the 
volume  of  solution  should  be  about  one  half  the  volume  of 
the  finished  batch  and  the  concentration  should  be  about  0,5“ 

1  f0.  The  alum  washing  operation  is  carried  out  preliminary  to 
and  in  the  same  manner  as  the  water  wash,  except  that  a  con¬ 
tact  time  oi  15-JO  minutes  should  be  allowed. 

5.  Dewatering _of _the_Preci£itate . 

As  discussed  on  page  6  of  this  report,  the  dewater¬ 
ing  process  varies  considerably  among  the  different  manufac¬ 
turers.  Similar  products  are  obtained  using  suction  filters, 
rotary  screens,  and  filter  presses  with  equipment  for  brer  king 
up  the  filter  cake. 

If  equipment  must  be  procured,  a  rotating  screen  is 
probably  the  most  convenient  and  least  expensive  of  the 
various  methods.  The  screen  is  similar  to  those  used  Tor 
gravel  washing  and  consists  of  a  cylindrical  open  ended  screen 
of'  about  ten  mesh.  The  cylinder  is  mounted  with  its  axis  at 
an  angle  of  about  5°  with  the  horizontal,  and  rotated  at  AO-5O 
rpm.  The  slurry  is  introduced  at  the  upper  end  of  the  cylinder 
and  travels  to  the  lower  end,  the  water  leaving  through  the 
holes  in  the  screen.  V.atcr  sprays  are  placed  along  the  axis 
of  the  cylinder  and  good  washing  action  is  obtained.  A  second 
similar  screen  may  be  placed  in  series  with  the  iirst  to  pro¬ 
vide  additional  washing.  In  this  way  the  water  content  may  be 
reduced  to  about  5 0 %  by  weight. 

As  discussed  on  page  6  of  this  report,  type  A  or 
slower  setting  Nyp.-lm  may  b  produced  by  a  somewhat  different 
treatment  oi  the  wet  precipitate.  The  precipitate  is  partially 
dewatered  in  a  plate  and  frame  filter  press  and  the  resulting 
crke  is  led  to  0  pair  of  differentially  rotating  rolls.  The 
rolls  are  of  the  general  typo  used  1  or  clay  crushing  or  paint 
pigment  milling  and  may  be  about  15-kO  inches  in  diameter 
geared  to  operate  at  e.  speed  ratio  oi  about  a|:l.  Clearance 
between  the  rolls  should  bo  about  l/^a".  The  ribbon  produced 
is  removed  rrom  the  fast  roll  by  a  steel  doctor  blade  and 
passes  to  the  comminuting  machine  where  it  is  broken  up  to 
pass  an  3  mesh  screen.  The  material  is  then  loaded  into  the 
drying  trays  and  is  processed  in  the  same  way  as  Typo  B. 

0. _ Drying. 

The  dryinc  operation  may  be  carried  out  in  various 
types  of  equipment,  and  its  choice  depends  on  the  relative 
availability  of  the  equipment  to  the  manufacturer,  bince  tray 
driers  are  most  available  their  use  will  b<-  discussed,  but 
the  drying  principles  are  applicable  to  other  types  of  driers. 
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The  dewatered  precipitate  is  loaded  into  drier  tyays 
to  t  depth  of  about  5/4  of  an  inch.  The  trays  have  open,  screened 
bottoms  covered  by  muslin  and  normally  are  about  1"  x  18”  x  JO" 
in  size. 

The  drier  temper  ture  should  be  held  at  l60°F.  with 
air  velocities  of  c.^0  to  4OO  ft.  pur  minute.  Depending  upon 
the  equipment  being  used  for  size  classification,  the  Nr palm 
can  be  handled  successfully  on  the  screen  when  the  moisture 
content  has  been  reduced  to  some  definite  figure.  It  is 
recommended  that  the  mat- rial  be  leit  in  the  drier  only  until 
this  figure  is  reached  and  tnen  handled  in  the  screening  and 
blending  equipment.  After  this  operation  the  material  is  re¬ 
placed  on  the  trays  and  the  drying  continued  until  the  moisture 
content  has  been  reduced  to  below  0.3/o.  Though  this  involves 
loading  the  trays  twice,  it  has  been  found  that  the  passage 
through  the  screen  permits  r  more  rapid  drying,  rate  so  thet  the 
overall  drying  time  is  considerably  shorter  than  it  would,  be  if 
accomplished  in  one  operation.  The  screening  and  blending  should 
have  been  accomplished  at  such  a  point  that  the  redrjing  does 
not  change  the  particle  size  distribution.  In  this  case,  re- 
screenin&  at  the  completion  of  drying  is  unnecessary,  and  the 
material  can  be  picked  directly  into  the  final  container. 

This  permits  packing  the  material  while  it  is  still  warm, 
reducing  greatly  the  danger  of  moisture  pickup  after  drying. 
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Appendix_±II 
Batch  Method  II 


This  method  dithers  from  batch  method  I  in  that 
the  alum  solution  used  for  the  precipitation  has  been  par¬ 
tially  neutralized  with  soda  ash.  By  this  procedure  a 
uniform  precipitation  of  soap  is  obtained  throughout  sub¬ 
stantially  the  entire  period  of  alum  addition. 

There  seems  to  be  no  conclusive  evidence  that  the 
products  of  the  two  batch  methods  differ  in  quality*  Sat¬ 
isfactory  soaps  may  be  made  by  either  method  with  equipment 
requirements  about  the  same.  At  the  present  time  operating 
data  for  this  method  are  available  from  only  one  manufacturer, 
but  it  is  planned  to  try  the  process  on  a  plant  scale  using, 
a  different  manufacturer’s  equipment. 


Appendix  IV 

Materials  of  Construction 


There  is  little  evidence  that  the  materials  used  in 
the  equipment  for  manufacturing  Nr palm  have  any  great  effect 
on  the  quality  of  the  product,  some  manufacturers  of  satis¬ 
factory  product  using  iron  and  others  wooden  or  lead  lined 
tanks.  As  stated  elsewhere  in  this  report,  contamination  by 
iron,  copper,  manganese  and  cobalt  are  undesirable  and  should 
be  avoided. 

iiiiood  or  steel  tanks  will  in  general  be  satisfactory 
if  first  carefully  cleaned  to  remove  traces  of  m,  terials  pre¬ 
viously  processed.  Steel  precipitator  tanks  become  coated  with 
soap  after  the  lirst  few  batches  and  contamination  with  iron 
is  thus  prevented.  Long  periods  of  fatty  acid  storage  in  iron 
containers  is  undesirable  since  considerable  contamination  may 
take  place.  Similarly  the  alum  solution  will  dissolve  iron 
from  the  walls  of  e  steel  storage  tank  and  result  in  contami¬ 
nation  of  the  product. 
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Appendix  V 
Process  Control 


Adequate  control  of  the  manufacture  of  napalm  is 
necessary  not  only  to  direct  plant  operation,  but  to  fur¬ 
nish  a  record  which  may  be  referred  to  in  case  an  unsatis¬ 
factory  batch  is  produced.  Sampling  and  testing  are  ad¬ 
vantageous  at  numerous  points  in  the  process  and  these  will 
be  discussed  briefly.  It  is  advisable  that  a  log  sheet  be 
prepared  and  the  operator  be  required  to  supply  the  necessary 
notations • 

1.  Raw  Materials 


All  new  batcr.es  of  raw  msterials  should  be  sampled 
and  tested  to  be  sure  that  trey  meet  specifications  (see  page 
54  ).  A  sample  oi  at  least  two  quarts  should  be  taken  from 
each  new  batch  received  and  stored  for  future  reference  if 
necessary. 

4.  Mixed  Acids 

A  sample  of  mixed  acids  should  be  taken  from  each 
batch  made  up  end  the  acid  number  determined  in  the  laboratory. 
If  necessary  the  amount  of  caustic  added  to  the  batch  should 
be  adjusted  to  the  acid  number  x ound  (see  page  57  )•  Similarly, 
samples  of  the  mixed  sodium  soaps  should  be  titrated (^7 )  wpth 
standard  acid  to  phenolphtnalein,  and  to  methyl  orange  end¬ 
points.  The  titration  of  the  sodium  soap  solution  may  be 
carried  out  as  follows.  A.  45  ml.  sample  of  the  soap  solution 
is  pipetted  into  a  yOO  ml.  llosk.  One  hundred  ml.  of  a 
neutralized  5 0/>  alcohol  and  100  ml.  of  petroleum  ether  are 
added.  The  soap  solution  is  titrated  with  standardized  one 
normal  sulfuric  acid,  first  to  the  phenol  phthalein  endpoint, 
then  to  the  methyl  orange  endpoint.  The  latter  endpoint  may 
be  judged  by  the  clarity  of  the  aqueous  layer  as  well  as  by 
the  color  change.  The  amount  of  acid  necessary  to  give  the 
former  is  equivalent  to  the  free  caustic  present  and  the 
difference  in  the  amounts  used  to  titrate  to  the  two  endpoints 
is  equivalent  to  the  sodium  soaps.  The  ratio,  of  course,  is  a 
measure  of  the  free  caustic  and  may  be  used  as  A  ehec-k  on  the 
operator  making  up  the  baton, 

,  Preparati on _of  Caustic  and  Alum  Solutions 

Temperature  and  quantities  of  material  lised  should 
be  noted  on  the  operator's  log-sheet. 
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4*  Precipitation 

The  log-sheet  should  include  a  record  of  the  tem¬ 
perature  of  the  tank  contents,  dilution  level  before  alum 
addition,  time  of  addition  and  amount  of  alum  used  and  the 
amount  of  water  used  during  washing. 

^1__Dryin.(3 

Notations  should  be  made  of  drying  temperature  { a 
recorder  is  desirable),  time  of  initial  drying  and  redrying, 
if  any,  yield,  and  if  possible,  atmospheric  temperature  and 
relative  humidity  prevailing,  not  samples  should  be  taken  from 
the  drums  into  which  the  Napalm  is  packed  by  means  of  a  sam¬ 
pling  thief.  This  sample  should  immediately  be  placed  in  a 
mason  jar  and  closed  tightly  to  prevent  moisture  absorption. 

A  one-quart  sample  of  each  batch  dried  should  be  kept  by  the 
manufacturer  for  future  reference.  This  sample  should  be 
kept  in  a  tightly  capped  mason  jar  with  a  rubber  scaling  ring. 
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F r  op erties  of  K apsliti 


The  importance  of  moisture  and  oxidation  have  been 
demonstrated  already  in  pages  3-aO  •  Here  it  is  proposed 
to  take  up  in  more  detail  methods  of  water  determination,  to 
illustrate  more  fully  the  difference  in  behaviour  of  soaps 
on  moisture  absorption  and  to  discuss  more  data  available  on 
the  oxidation  problem. 

Determination  of  hater  in  Napalm 

There  can  be  no  doubt  that  water  exists  in  Napalm 
in  two  forms,  namely  absorbed  water  and  water  of  hydration, 
the  latter  probably  of  several  types.  In  addition  under  more 
or  less  drastic  dehydration  conditions  there  is  potential 
water  present,  which  can  be  evolved  in  varying  degree  by 
chemical  reaction.  No  me >• ns  has  yet  been  found  lor  analytically 
difi erentiating  the  three  forms  of  water,  because  to  a  certain 
extent  they  are  all  interconvertible .  Table  XIII  shows  results 
by  different  methods  on  the  same  sample  oi  Napalm.  It  is  clear 
that,  dependent  upon  the  a  n  i  ytical  conditions,  any  moisture 
content  within  limits  can  be  obtained.  In  selecting  a  method 
for  moisture  determination,  the rex  ore,  two  considerations 
arise:  (1)  the  moisture  content  indicated  should  correspond 

to  the  amount  of  gel  breakdown  found  on  the  consistency  test, 

(A )  the  method  should  be  simple  and  require  only  common  ap¬ 
paratus. 

Table  XIII 

Moisture  Determination  byJDif'ferent  Methods  ^5^) 

Percent 

Method  water  Pound 


1.  Vacuum  drying,  at  100°C,  1.0 

and  a  mm.  pressure  for 
10  hours. 


d.  Dean  and  btark  with  A -.8 

toluene  or  Denzcne  (4 
hours ) . 


Remarks 

Probably  consists  of 
most  ox  adsorbed 
water  and  separation 
of  doubled  molecules 
oi  hydration. 

• 

Above  water  plus  that 
from  a  lessor  degree 
of  hydration  and  some 
water  of  reaction  due 
to  duration  of  process. 
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Method 

Percent 
‘water  Bound 

Remarks 

3.  Azeotropic  distilla¬ 
tion  with  dioxane. 

*•5 

Employee,  to  avoid  the 
inevitable  ’water 
hold-up  in  apparatus 
and  consequent  leng¬ 
thening  of  time  of 
analysis.  Distilla¬ 
tion  over  in  50  mins, 
instead  of  4  firs, 
Fischer  or  acetyl 
chloride  methods  used 
to  determine  water  in 
distillate . 

4»  Fischer  aetbod  as 
described  in  JACS  61, 

^407,  (i?3y). 

A .I-3.O 

Endpoints  fade  and 
procedure  is  time  con¬ 
suming  due  to  lack  of 
dispersion  of  sample 
in  solvent  and  re¬ 
sultant  slow  reaction. 

5.  Fischer  modified  by 
celling  sample  lirst  in 
toluene  and  then  breaking 
down  to  a  liquid  by  addi¬ 
tion  of  -pyridine . 

3.7 

Endpoint  definite  and 
fairly  rapid.  Water 
value  probably  in¬ 
cludes  some  water  of 
reaction  due  to  ex¬ 
treme  dehydrating  con¬ 
ditions  . 

6.  Fischer  method  on 
residue  oi  dioxane  dis¬ 
tillation, 

1.2 

Total  of  5.  and  0. 
equals  5* 

7.  Acetyl  chloride- 
pyridine  method.  JACS 

57,  341  (1635)  Modified. 

1  .y-2  .1 

Acetyl  chloride  treat¬ 
ment  at  oO°C  5  to  4O 
mins,  duration. 

1.1-1. 2 

Acetyl  chloride  treat¬ 
ment  a5°c  5  to  40 
mins,  duration. 

4. O-4.2 

Acetyl  chloride  treat¬ 
ment  at  30°C  5  3 ins . 
duration.  Samples 
turned  brown  -  ob¬ 
vious  decomposition  of 

soap . 
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Notes :  The  vacuum  oven  metr.od  showed  some  fatty  sc  ids  and 

neuFral  oil  lost  when  the  distillate  was  trapped  by  condensa¬ 
tion  in  a  tube  surrounded  by  solid  carbon  dioxide.  It  may  be, 
therefore,  that  samples  containing  large  amounts  of  fatty 
acids  would  give  fictitious  results  due  to  oil  distillation  of 
the  latter,  however,  experiments  at  the  ChS  Columbia  Labora¬ 
tory  (10)  indicate  the  water  insoluble  matter  amounts  only  to 
a  few  tenths  of  one  per  cent. 

The-  v-f  ter  found  by  the  benzol  distillation  method 
varies  both  with  the  time  of  distillation  and  with  the  boil¬ 
ing  point  of  the  solvent  employed.  hath  standardized  condi¬ 
tions  results  are  reproducible  to  +  ,1%  (Tables  XXIV  and  XXV 
in  Appendix  VII). 

The  above  Fischer  method  gives  uncertain  endpoints 
unless  the  sample  is  iirst  gelled  in  toluene  and  then  broken 
down  to  a  limpid  fluid  by  the  addition  of  pyridine--:-. 

The  acetyl  chloride  method  gives  quite  arbitrary  re¬ 
sults  depending  upon  the  conditions  imposed  and  exhibits  a 
broad  endpoint  owind  to  precipitation  oi  aluminum  hydroxide 
during,  the  caustic  titration.  Three  titrations  are  required 
for  each  sample,  a  clank  on  the  reagents  and  solvent,  a  fatty 
acid  blank  titre  with  caustic  alone,  and  the  sample.  This 
method  must,  therefore,  b<-„  considered  very  unsatisfactory. 


Consideration  of  the  available  methods  from  the  above 
viewpoint  selects  vacuum  drying  and  benzol  distillation  as  the 
easiest  and  least  complicated  for  use  in  practice-;:--:-.  These 
are  also  the  methods  recommended  lor  materials  of  the  type  of’ 
Napalm  by  Griff in( 5^ ) .  There  is  no  doubt  ipp.  55-^8  )  that  both 
can  be  made  to  correspond  to  tne  viscosity  readings  to  a  con¬ 
siderable  decree. 

Colgate-palmolive-Peet  report  that  they  have  had  considerable 
success  in  correlating  Karl  Fischer  moistures  with  gel  viscosities. 
It  appears  that  using  a  dead  stop  endpoint  met.  od  ( ^ '  repro¬ 
ducible  results  can  be  ootained  (10,  5 )  ^  gut  that  different  manu¬ 
facturers*  soaps  have  different  base  moistures  perhaps  due  to 
different  hydroxyl  or  "bound"  moisture  content. 

For  a  fuller  discussion  01  the  various  methods  see  (10) . 
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Consideration  oi  many  experiments  Lad  led  botn  the 
Eastman  nodak  toroup  and  toe  iecrnic.  1  Division  faroup  working, 
at  od^evvojd  Art:,  ns  1  to^tne  view  ti.at  slightly  cotter  correla¬ 
tion  of  consistency  results  is  obtained  vitn  vrcuuai  oven 
measure  aents  t^an  with  those  •.  e.de  by  benzol  distillation.  Tins 
may  be  due  s imply  to  the  fact  hit  reproducibility  is  better 
with  the  vacuum  oven  method  and  erratic  results  are  less  likely 
to  be  obtained,  l-.ith  the  benzol  distill'  tion  method  results 
ere  probe  bly  ^ood  only  to  +  0.1  and  i or  r^ search  work  to is  is 
somew-at  too  v.‘ide  f;  margin 7  Comparison  of  vacuum  oven  and  C.u.S. 
benzol  distillation  values  is  lad.  in  Tables  AVI I  end  4, 

Experiments  in  wnich  a  simple  of  hup.,  lm  is  allowed  to 
picknup  or  lose  a  known  amount  oi  water  (by  direct  wa^ain^) 
and  moisture  content  is  determined  bex ore  and  after,  nave  not 
proved  too  satisiactory^ •‘•^>32*34/.  In  general,  neither  the 
Karl  Fischer,  vacuum  oven  nor  benzol  distillation  method  check 
the  results  obtained  by  wei jain&.  Tacle  XIV  compares  in  the 
two  columns  on  the  rijot,  the  c  ..  n  e  in  moisture  content  f  ound 
by  direct  V;aichinc  and  by  analysis.  it  will  be  noted  that  much 
closer  agreement  is  found  when  vet-.r  is  bcinfc  no  sorbed  by  the 
soup  then  in  the  reverse  case.  It  is  believed  that  there  is  a 
possibility  of  internal  rearrangement  oi  water  molecules  within 
the  Napalm,  ~c counting  for  the  so  peculiar  results,  which  are 
not  yc t  fully  understood.  Table  XV-II  r Iso  illustrates  this 
point:  the  vacuum  dried  so;-  ps  show  in-.rt  points  considerably 


1  owe 

r  tv.- ■  n  those  oi 

the 

S 0 '  ps 

r-s  received. 

fable 

XIV 

Comparison  of  ; 

.'oisture  Du 

termination 

Results  V\ 

■  itn 

Actual  Lose  or 

Gain 

of  aater^bv 

lid, 54 , 

ly ) 

70  Veter 

7° 

■miter 

Change 

Analytical 

by 

jo  ':'i  ?  ■  t  c  r 

Round  by 

Soap 

Treatment 

ivletliod  A: 

nalysis 

Chsn^fc  _ 

beijhhlrifc 

hcGean 

Original 

K 

erl  Fischer 

4-1 

V:  c .  Dried  at 

oO°C 

a) 

<1  il 

1.4 

*CL 

Gri  .in.  1 

D 

ec-n.‘.&  etark 

1.1 

Vac.  Dried  at 

oO°C 

(1) 

il  if 

0  *CL 

o.> 

CL  mCL 

Fuodox 

Original 

A 

rrl  Fischer 

Simple 

Vac.  Dried  rt 

oO°C 

a) 

ii  if 

*.3 

O.4 

1  .A 

Original 

D 

can  f-  eterk 

0.  d 

V-'c.  dried  at 

oO°C 

(1) 

ii  ii 

0.4 

O.4 

1.4 

Nuodox 

Original 

K 

erl  Fischer 

4.0 

3>o>3 

Dried  at  Room 

Temp 

•  U) 

U  il 

5*5 

0.5 

0.7 

Grip incl 

M  \t 

4.0 

/ 

Dried  at  Room 

Temp 

•  U) 

il  .  i 

4.8 

1.4 

1 .4 

Soap 


Nuodex 

18032 


11 


Colgate 

E-2  33826 


Harmon 
83955  R 


Nuodex 

83088 


Nuodex 

18032 


u 


Colgate 

E-23332-B 


Harmon 
88955  R 


Nuodex 

83033 
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Table  XIV  Contd. 


Treatment 

Analytical 

Method 

Original 

Vac . Oven 

10  mm,  fig. 

60°C .  24  hr s 

Cond.  at 

120°F. 

0  'fo  R  •  R  • 

u 

u  u 

Original 

Vac . Oven 

10  mm.  Hg. 
60  °C  .  24  hrs 

C  ond .  at 

120°F. 

20%  R.E. 

11 

11  ii 

Original 

Vac .Oven 

10  mm.  Hg. 
60 °C  .  24  hr  s 

Cond.  at 

120°F. 

20%  R.H. 

si 

ii  it 

Original 

Vac . Oven 

10  mm.  Hg. 
60  °C  .  24  hrs 

Cond,  at 

120°F. 

C-  0  J/o  R  •  R  • 

II 

ii  » 

Original 

Vac . Oven 

10  mm.  Hg. 
oO °C.  24  hrs 

Cond.  at 

120°P  . 

20/o  R.H. 

li 

11  11 

Original 

Vac.  Oven 

10  mm.  ng. 
60°C .  <^4  hrs 

Cond.  at 

30°F. 

30%  R.H. 

u 

ii  11 

Original 

Vac . Oven 

10  ram,  ng. 
oO°G .  nij.  hrs 

Cond.  at 

90°F. 

90%  R.H. 

11 

ii  it 

Original 

Vac . Oven 

10  mm.  Hg. 
60 °C.  24  hrs 

Cond.  at 

90  °i'  . 

30%  R.H. 

li 

it  ti 

Original 

Vac . Oven 

10  mm.  Hg. 
60 °C  .  24  hrs 

Cond.  at 

30°F.90%  R.H.  " 

11  ii 

Original 

Vac . Oven 

10  mm.  Eg, 
60 °C  .  24  hrs 

Cond.  at 

90  °F . 

90%  R.H. 

n 

it  11 
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%  Water 

%  Vvater  Change 


ty 

%  Vvater 

Pound  by 

Analysis 

Change 

Weighing 

1,29 

0.86 

O.43 

0.54 

1.74 

0.93 

0.81 

0.97 

0.46 

0.34 

0.12 

'  O.27 

0.76 

0.63 

O.I3 

O.34 

0.73 

0.6  6 

0.13 

O.3O 

1.17 

4.85 

3.68 

3.68 

1 . 66 

4-45 

2.73 

2.92 

0.54 

1.62 

1.08 

1.18 

0.74 

5.84 

3.10 

3.14 

0,76 

2.28 

I.52 

I.90 

(1)  Pressure  15  mm.  in  N^  stream 

(2)  Vacuum  desiccation  over  P^Q^ 
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The  Effect  of  Moisture  on_Napalm 

For  investigation  of  the  equilibrium  between  solid 
Napalm  and  atmospheres  of  different  relative  humidity,  two 
methods,  static  or  dynamic  in  character,  may  be  employed.  In 
the  first,  a  sample  of  the  solid  soap  is  exposed  to  an  atmos¬ 
phere  of  known  relative  humidity  and  allowed  to. come  to  equili¬ 
brium.  The  moisture  content  may  then  be  determined  by  one  of 
the  standard  methods  and  the  consistency  of  the  gel  formed  in 
gasoline  measured.  This  may  be  repeated  at  a  number  oi  dif¬ 
ferent  relative  humidities  and  the  variation  in  moisture  con¬ 
tent  and  gel  consistency  thus  determined.  In  the  dynamic 
method  (I®)  the  soap  may  be  exposed  in  a  stream  of  air  or 
inert  gas  of  known  relative  humidity  and  the  rate  of  change  in 
weight  followed.  By  using  atmospheres  of  several  different 
relative  humidities,  it  is  possible  to  find  by  interpolation  a 
humidity  at  which  the  soap  neither  increases  nor  decreases  in 
weight.  This  may  be  called  the  inert  point  of  the  soap. 
Needless  to  say,  the  inert  point  will  vary  with  the  conditions 
under  which  the  soap  was  dried.  Results  by  both  methods  are 
summarized  in  Table  XV: 


Table  XV 

Moisture  Content _of  JNapalm  and_Relative  Humidity 
I  -  Static  Equilibrium  Method^) 

Water  _C  ont  ent  _ (Vacuum_0ven  Hip  Hrs  .oO°C  .  10  mm.  Eg.) 


Soap 

90°F-20% 

8^°f-65|_rk  90®f-9_o%_rh 

Nuodex  15374 

O.89 

1.45 

2.97 

11  87896 

O.99 

O.94 

1-75 

(Sample  equilibrated  at 
re-equilibrated  at  20% 

3. 06 

90%  RE, 
RE) 

Nuodex  87905 

1.04 

1.02 

1-75 

(Sample  equilibrated  at 
re-equilibrated  at  20% 

5.25 

90%  RH, 
RH) 

Harshaw  Experimental 

Batch  27  JP 

O.4 

0.9 

1.6 

5  P 

0.6 

1.1 

Ferro  Batch  #22 

Dried  at  l60°  F. 

0.9 

2.1 

4.36 

Dried  at  IS50  F* 

0.55 

1.91 

4.30 
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Table  XV  Contd. 

II  -  Dynamic  Equilibrium  Method  (1^) 


Inert 

Points  in 

Terms  of 

H.il* 

hh!.^ 

~Z0a_ 

Tempera 

ture 

Soap 

Condition 

HI 

30  ° 

40° 

Nuodex 

As  Re c  '  d . 

1.2 

3^ 

43 

4? 

Lot  83023 

Vac .Dried 

•4 

<? 

(14?) 

9 

McGean 

As  Rec'd. 

1.0 

43 

20 

Lot  084 

Vac .Dried 

0.2 

17?) 

U49) 

d4?) 

Time  Dried 

Me  Go  an 

18  hours 

0 .  ? 

do 

— 

— 

Lot  1100 

2O 

0 . 3 

34 

- 

36.5 

Re dried 

(3) 

2  hours 

0.7 

17 

26 

4 

0.3 

ly 

28.5(2 ) 

47 

0 

0 . 6 

4> 

Harmon 

0.4 

20 

RH249 

H242 

Imperial 

0.4 

NR?  3 
Erkins 

0.5 

N-3-2^8l- 

Pfister 

182 

0.4 

N3-2432-78 

0.5 

22  At 

70°c.  30;0 

(1)  H2O  determined  according  to  CIS  Specif left ion. 

(2)  This  result  is  much  too  hi eh . 

(3)  All  samples  taken  from  plant  drier.  Plant  practice-  is  to 

dry  for  c.0  hours,  then  end  redry  lor  4  hours. 


There  is  considers ble  indication  that  all  soaps  do 
not  have  the  same-  moisture  content-relative  humidity  curve 
but  that  the  relation  is  dependent  upon  the  conditions  of  pre¬ 
cipitation,  dryinfc,  etc.  This  is  readily  understandable  as  it 
is  known  that  soaps  from  different  manufacturers  have  different 
alumina  contents,  different  amounts  01  free  sodium  sulfate, 
contain  different  free  fatty  acids,  etc. 
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Moisture  is  picked  up  or  lost  by  Napalm  with  con¬ 
sider*  blc  rapidity  (Table  XVI,  Figure  a).  In  general,  an 
exposure  of  a  few  minutes  is  suiiicient  to  alter  me terially 
the  water  content  of  the  soap  unless  it  is  at  its  inert 
point.  It  is  of  great  importance,  therefore,  to  keep  samples 
of  Nopalm  intended  for  test  work  in  tightly  closed  ^lass 
bottles,  canning  jars  with  rubber  rings  having  been  i ound 
very  suitable  for  this  purpose. 


Table  XVI 

Rate _of  Change  of  Moisture  Content  of  Napalm 

I  -  Soaps  Exposed  to  o^/o  R.F.  after  Equilibrium  at  £.0/6  R.n  . 
l/S"  Layers.  Natural  Convection  (34). 

Time  Ferro  Drier  Ferro  Drier  Nuoacx 

Exjct  *_1 Jsatch  I  Expt'l.  Batch  II  ^1 8032 

Initial  Moisture  Content  (Vacuum  Oven  c.14.  hrs,  6o°C.  10  mm.  n0.  ) 


20%  R.h. 

0.57/O 

l.lljb 

t-1 

• 

03 

13  mins . 

0.36 

18 

I.43 

^5 

1.60 

30 

0.^3 

35 

I.48 

37 

1.64 

47 

I.30 

43 

O.yy 

55 

l .  68 

74 

1.04 

30 

1.54 

§7 

!-75 

22  5 

1.13 

1.63 

1 . 8b 

340 

1.22 

1  •  06 

1.31 

1020 

1 .27 

1.71 

2,01 

1450 

1.28 

1.71 

a. 03 

2  500 

1.28 

1.63 

2.O5 

Final  Moisture 

Content  (Vacuum 

Oven  c.l\  hrs.  ( 

30°c.  10  mm.  iT-g 

63/0  R.h. 

1.08 

1.33 

1*73 
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Table  XVI  Contd._ 

II  -  Socps  t  s  Received  Exposed  to  y0°  F.,  c-Op  R.L.  l/3“  Layers. 
N at ur a  1  Convection  w?  ) , 


Loss  in  fcei^ht,  jfr 


Nuoddx  #13032 

Colgate 

harm on 

Nuodex 

Time 

Sample  ( 

si)  Sample  (b) 

V'jil&A 

3j'^5_5R 

8  J)38_ 

clQ  mins . 

O.27 

O.43 

0.12 

O.Oy 

o.oy 

75  , 

O.44 

0.31 

0.23 

0.22 

o.iy 

3-I/2  hrs. 

O.44 

0.86 

0.25 

0  • 

0.1^ 

7-1/2  hrs. 

O.45 

0,y  0 

0.25 

0.27 

0.22 

24  hrs. 

O.34 

o.y7 

0.27 

0.34 

0.30 

Initial  hoi stur^  Content  (V-  cuum  Oven 

60°C.  cLl.  hr 

s.  10  mr 

a .  h  t  •  ) 

I.29 

1.74 

0,46 

O.76 

0.7y 

Pinal  Foisture 

Content 

(Vacuum  Oven  oO 

°C.  24  hrs. 

10  mm. 

) 

1.36 

O.83 

O.34 

O.63 

0.66 

III.  -  Soaps  os 

Received 

Exposed  to  y0° 

i  . ,  yOyo  R.h 

.  1/3" 

Layers . 

Nr.  tura^C 

onvection 

(5>). 

G 

a in  in  ueijit. 

7° 

15  mins. 

0.«il 

0.10 

0  .<c6 

O.28 

0.^7 

1  hr. 

0i.o3 

0.% 

0. 36 

0.7§ 

0.61 

3  hrs . 

0.y8 

0. 08 

o.>3 

1.4b 

1.16 

<c0  hrs. 

5*44 

C.71 

1.16 

^.78 

1  .  yL\. 

63  hrs. 

3 .08 

tL  +  y'd 

1.13 

3.I4 

l.yQ 

Initial  M 

oisture  Content 

(Vac  uum  Oven  6  0 

°C .  C4  hr 

s .  10  :& 

EJ. .  h  t  •  ) 

1.17 

-1  /■  r 

1 . 00 

O.54 

O.74 

O.76 

Final  Moi 

sture  Content  (V 

acuun  Oven  60 °C 

.  <^4  hrs . 

10  mm. 

&<_.•  ) 

4.85 

4.45 

1.62 

3.84 

a. ^8 

IV  -  Soaps  as  Received  Exposed  to  $0p  R.n.  Natural  Convection (  55 ) . 

Gain  in  fccij.it,  p 


5  mins . 
15  mins. 
JO 

35 


Porous  Napalm 
_l/3*’  Layer 

Q.'dc-% 

0.51 

0 .  o2 

0. 66 


Porous  tie  prim 
__i/ _L  _ycr _ 

0.11% 

0.26 

0.5s 

0.58 


Vitreous  Napalm 

_ l/3/ _Laycr 

0.21jb 

o.ij.6 

0.55 

0.  oy 
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Table  XVII-A  summarizes  the  results  available  on 
viscosity  vs.  moisture  content  for  a  large  number  of  soaps. 

It  was  concluded  from  these  that  about  0.1%  in  vacuum  oven 
moisture-::-  produces  a  difference  of  about  4^  grams  on  the  24 
hr.  I5O0  F.  consistency  teat. 

Table  XVII-B  gives  recent  data^0®)  for  three  re¬ 
presentative  soaps  dispersed  in  New  York  Chemical  Warfare 
Service  Procurement  Division  test  gasoline.  Compounding  was 
done-  at  approximately  J0°  F.  and  40%  relative  humidity. 

Moisture  was  introduced  into  the  samples  by  storage  over  water 
at  7O0  F.  and  removed  by  drying  in  a  forced  draft  tray  drier  at 
68°  C.  Moisture  contents  were  determined  by  the  C.W.S.  benzol 
distillation,  described  in  Specification  $-1^6-151-107  revised, 
and  by  vacuum  oven  drying  for  four  hours  at  55°  C.  In  Table 
XVIII  is  shown  the  variation  of  consistency  with  moisture  con¬ 
tent  for  the  three  soaps  determined  by  interpolation  from 
smoothed  curves.  Over  the  low  moisture  ranges  the  change  in 
consistency  is  again  about  40-5^  grams  for  0.1%  change  in 
moisture  content. 

It  will  be  appreciated  from  Table  XVII  that  proper 
drying  of  Napalm  In  the  factor  is  essential  and  also  that 
adequate  packaging  must  be  provided  for  the  finished  soap. 

Long-time  drying  (apart  from  the  oxidation  effect 
and  shortening  of  the  induction  period  which  is  discussed  on 
pages  12-20)  appears  to  do  no  damage  as  shown  by  experiments 
at  the  Columbia  University  C.vi.S.  Laboratory  and  at  Ferro 
Drier  and  Chemical  Company  (1>10),  The  only  effect  appears 
to  be  a  small  decrease  in  the  fatty  acid  content,  presumably 
due  to  interaction  with  the  free  aluminum  hydroxide  in  the 
Napalm.  Nevertheless,  the  induction  period  is  shortened  rapidly 
with  rise  in  temperature  under  oxidizing  conditions,  obeying 
the  Arrhenius  relationship  (pp.  65).  That  is,  for  a  rise 
in  temperature  of  10°C.  the  induction  period  would  be  halved. 


The  two  methods  in  use  at  Kodak  Park  and  Edgewood  Arsenal 
Technical  Division  are  somewhat  different,  making  these 
figures  only  approximate. 
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Table _XVII-A 

Variation  of  Viscosity  with  Moisture  Content  Gcls_) 


Moisture  Content 
Vacuum  Oven . Benzol 


10  mm.  Distillation  43  hrs.  <^4  hrs. 

Soap  4ij.hr.60°C.  (K.P  .Method  )*  7.7°  1^0°  _'f. 


Ef  stmen  Kodr  k  Labor  :  tory 


Nuodex 

13054 

1.1 

1.65 

570 

510 

Imp^ri.'- 

1  P-per 

O.36 

0.3 

77° 

550 

harm on 

33*56 

0.33 

1.45 

350 

500 

harm on 

33*5° 

1.10 

1.50 

540 

5o5 

iveGean 

Batch  44 

1.61 

1.75 

55° 

330 

McGesn 

Batch  084 

1.07 

l-5_ 

03O 

54° 

Pf ister 

'  EelOD 

0.4 

0  %c.  5 

550 

440 

Nuodex 

33533 

1.03 

0.3 

oQO 

990 

Nuodex 

8^04 3h 

1 . 33 

l.l 

4QO 

1*0 

Nuodex 

8*033 

0-79 

0.4 

700 

450 

Ferro  Batch  44 

0.43 

0.7 

770 

350 

Imp eric 

1  XtlO*  NR 

54 

0.74 

1.0 

640 

49  0 

Me  Go  an 

1440 

0.74 

1-3 

700 

5o0 

McGeon 

760 

0 . 60 

1.1 

800 

o40 

Me  Go  an 

IO34 

0 . 64 

1.1 

840 

570 

Mc-Gesn 

IO33 

0-35 

1.15 

730 

o40 

McGcf.n 

1145 

0-53 

1.0 

7y0 

o40 

Ferro  c 

0  *y0 

0.35 

330 

48O 

Nuodex 

O.Llq 

0.65 

700 

o30 

0.61 

0.30 

060 

o40 

o.*5 

1.1 

670 

590 

1-75 

i-5 

300 

1*0 

37305 

3,06 

4-7 

105 

100 

Nuodex 

1.04 

1.0 

650 

460 

15374 

1-75 

1.5 

430 

430 

Nuodex 

0 . 8* 

1.4 

340 

760 

1,45 

1.6 

530 

400 

^•97 

4.4 

^9° 

43 

her show 

■  Expt '1. 

0.4 

630 

770 

Batch  4 

7  JP 

0.9 

47P 

630 
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Table  XV 1 1 -A  Contd. 


Vacuum  Oven 

10  mm.  Eg. 

24  hrs . 

Edge wood  CVS  Laboratory 

Nuodex  87835 

5  hrs.  55°C. 

150°  F. 

I.32 

350 

O.52 

450 

0.70 

5^0 

O.Sii. 

^40 

O.70 

810 

Nuodex  87557 

1.72 

^00 

1.4 

350 

0.7 

330 

1.06 

330 

0.20 

62  0 

0.28 

66O 

Nuodex  87856 

2.11+ 

180 

1.02 

470 

0.7 

700 

Me Ge an  "JO'dS 

0.2 

750 

2  .ES 

c5o 

1.28 

400 

1.16 

030 

0.12 

710 

0,30 

7^0 

Nuodex  8785! 

0 . 00 

7^0 

1  •  55 

c.c.  0 

1 .40 

530 

1.52 

350 

Q.yO 

510 

o.3i 

540 

0.  o2 

oOO 

0.74 

660 

-*  20  g.  sample  aOO  ml.  benzol  4  hrs.  Oil 

bath  12 3-1 50 0 

P^TRICTED 
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Table  XVII-B 


Harmon  ^38^55“2  ^  palm  Gels  in  Gasoline  (A) 

3%  Gels 


Moisture 

By 

Gardner  Consistency  in  Grams 

after  St  or: 

\.'S  Benzol 

Vf 

ac . Oven 

l^br.at  _150°F  44 

hr. at  I5O0 

P  48  hr. at 

0.0 

0.09 

3  00 

730 

>00 

0.1 

0.13 

850 

740 

330 

0.6 

0.59 

65O 

330 

5  3° 

1  •  i_[- 

1.66 

2*0 

I4O 

180 

*•3 

^.48 

I4O 

30 

I4O 

9/o. 

Gels 

0.0 

0 . 09 

940 

>90 

1060 

0.1 

0.13 

30O 

10S0 

0 .  o 

3*59 

770 

7<e0 

3oo 

1  •  i_j_ 

1 . 60 

^70 

200 

310 

*•3 

.48 

^00 

IcO 

c3o 

12;#) 

Gel  s 

0.0 

0.09 

--- 

1380 

1500 

0.1 

0.13 

— 

1430 

1  oOO 

0.  o 

0-5? 

— 

12^0 

I23O 

1.4 

1.60 

— 

o30 

340 

*•3 

<e  .48 

35O 

00O 

Californio.  Ink 

1^5t7t7-43 

Napalm 

Gels  in  Go 

solinc  (B) 

3/o  Gels 


0.15 

0.07 

850 

730 

330 

O.3 

0.27 

770 

770 

890 

0.7 

0.53 

770 

b'j.o 

730 

1.2 

1.21 

46O 

.  2  bO 

330 

*•5 

<£  .  36 

I3O 

100 

loO 

3/0  Gels 

0.15 

0.07 

3  30 

38O 

IO3O 

0.3 

d.^j 

30O 

>-30 

370 

0.7 

0.53 

35° 

810 

370 

1.2 

1.21 

330 

40O 

3oO 

*•5 

^  •  9o 

C40 

170 

^30 

l^/o  Gels 

0.15 

0.07 

— 

I42O 

1300 

0.3 

0.27 

— 

1470 

1430 

0.7 

O.53 

— 

1300 

1480 

1.* 

1.21 

— 

lloO 

1170 

*•5 

.  38 

— 

330 

700 
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KcGean _^634  Ktvpalai  Gils  in  Gasoline;  (C ) 


%  Moisture  by  Gardner  Consistency  in  Grains  After  Storage  oi 


ChS  B&naol  V' 

•  c .Oven  1 

hr.  a t _1 50 °F  24 

hr. at  1 50  °F 

43 

hrs.rt77°F 

0.5 

0.07 

7u0 

730 

84O 

O.55 

0.10 

730 

700 

840 

0.5 

O.37 

74O 

6>0 

810 

l.t 

O.54 

530 

480 

>60 

2 .  0 

1.3 

a80 

170 

2o0 

2.4.- 

Gels 

0.5 

0.07 

>30 

>00 

>30 

0.55 

0.10 

330 

>40 

1030 

0.5 

0. 37 

330 

3>o 

1000 

1.2 

0.^4 

730 

04O 

73O 

2  .0 

1.3 

370 

280 

4OO 

Table 

.XVIII 

Variation 

of  Con sis 

tency  a: 

itli  Moisture 

Range  of  HgO/i 

Decrease 

in  Con sis 

tency  per  0.1/b  Inerts 

:Sv 

in  4^0  in  Soap 

-4_ 

_B_ 

_C  _ 

QA 

12% 

34 

y  /o  \cLfo 

§4  44 

I  -  After  43  hrs.  at  77° 

;_F. 

0.4-0. 8 

40  87 

35 

47 

37  ^5 

27  25 

0.3-1. 2 

45  3o 

57 

o7 

75  77 

43  45 

1 .2-1.6 

A5  50 

40 

33 

40  43 

45  53 

1 . 6-2 .0 

5  * 

17 

40 

^5  3° 

30  50 

II  -  After  44 

hrs^_at  130°  P. 

O.4-0. 3 

53  05 

57 

50 

48  ^7 

35  30 

0.3-1. 2 

55  70 

§7 

45 

47  43 

23  40 

1 .2-1.6 

23  3° 

03 

30 

40  50 

43  47 

1. 6-2.0 

7  5 

33 

^3 

35  53 

33  4O 

Bee  .'.use  of  the  large-  influence  of  moisture  on  tel 
properties,  packaging  of  the  soaps  must  be  carefully  considered. 
The  pack;  ging  problem  is  not  so  important  for  Type  B  soap  os 
for  Type  A,  since  it  is  possible  to  re  dry  the  soap  immediately 
before  its  use  in  the  filling  plant.  It  has  been  shown  on  many 
occasions  that  soup  redrying  h-;  s  no  deleterious  effect  on  gel 
properties  providing  the.  soap  has  sufficient  resistance  to '"oxi¬ 
dation.  Table  XIX  illustrates  this  point. 


Table  XIX 


Redrying  of  IT  palm 


13) 


Soap 

Nuodex  373i?6 
Kuodox  87^05 


Gc  run. 

ar  Viscosities  <=. 

Days  77°i;  . 

Condi 

.ti" dried  to 

Conditioned  to 

'dec  on  d  it'  f  one  < 

^-cO;b  RE 

^0°P  —  y  0/6  Hfi 

gO^B-BQ/c  _RE  _ 

o70 

105 

oOO 

03Q 

5^ 

600 

Nuodex,  13034 

Original  Soap 
Conditioned  at 
yO°P . -yQ/o  RE 
Redried 


Vacuum  Oven 

43  hrs. 

44  hrs. 

Moisture 

TZlJLi- 

1.40 

340 

315 

1.8 

440 

430 

o.y 

— 

840 

Nevertheless,  one  large  packo.ein0  test  hr  s  been  run  on  the 
f iberboa.rd  drums  commonly  used  to  ship  Napalm  from  the  manu¬ 
facturing  plant  to  the  filling  plant.  The  results  are  shown 
in  Table  XX. 
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Table _XX 

Packaging  Test  on  Lot  j^lQO^ ^ 5^ ) 


Initial  Values 


Keeping  Conditions 
Tropical  'Hoorn 

Labors-  IIO-^0!1  ~~  ?0°F.  3O0  F. 

tory yO^o  _Hh  c^OJo  _Rti 


Iodine  Number 

Vacuum  Oven  Moisture 

Dean  &  Stark  Moisture  (E.K.) 

2 -Day  70°F.  Gardner  Vis. 

7 -Dry  70 °F.  "  “ 

1-Day  150°P.  "  " 

Three  Leeks 

Outer  Edge  Iodine  No* 

Center  Iodine  No. 
uuter  Ed0o  Vacuum  Oven  Moisture 
Center  "  v*  " 

outer  Edge-  Dean  &  Stark  (E.K.  ) 
Center  Dean  &  Stark  (E.K. ) 

Outer  Ed0e  2 -Day  70°F.  Vis. 
Center  2-Day  70°F .  Vise 
Outer  Ed;vC  7 -Day  70°i  .  Vis. 
Center  7 -Day  "JO0*.  Vis. 

Outer  Edge  lyO0-1-'  .  Vis. 

Center  150°x*.  Vis. 

Twelve  Leeks 

Outer  Edce  Iodine  No. 

Center  Iodine  No. 

Outer  Edge  Vacuum  Oven  Moisture 
Center  11  11  . u ,  > 

Outer  Edge  Dean  &  Stark  (E.K. ) 
Center  11  w  H 

Outer  Edge  2-Day  77 °i  .  Vis. 
Center  2-Day  7T °I*’ •  Vis. 

Outer  Edge  l-D?  y  ly0°F  Vis. 
Center  1-Day  130Oj-‘ .  Vis. 


yO.y 

Jl-5 

51.1 

50.6 

1.20 

1 .20 

1.^0 

1.20 

1-5 

1-35 

1-5 

1*5 

540 

530 

940 

530 

570 

570 

600 

550 

510 

530 

515 

510 

3x-7 

31*4 

31-9 

y2.0 

51.6 

31-0, 

51.8 

31-3 

1.11 

1.16 

1 . 14 

1.10 

1.11 

1.14 

1.16 

1.12 

1*75 

1.75 

1.65 

1.20 

1.65 

1.4 

,1-9 

.1-75 

050 

03O 

63O 

040 

o20 

710 

04O 

620 

5'yO 

04O 

&o 

byO 

570 

?3° 

54O 

69O 

370 

SbO 

340 

350 

500 

340 

540 

570 

31..  6 

31^ 

31.0 

31.5 

31-5 

31,1 

31-5 

31.2 

1.24 

1 .42 

1.30 

1.01 

1.13 

1 .4I 

1.52 

1.09 

2.25 

1-3 

^  .25 

1-7 

2.. 2  5 

1.-0 

*•*5 

1.4 

730 

740 

630 

850 

300 

330 

690 

800 

370,370 

350,330 

270,310 

330, 320 

350,^0 

360,230 

330,400 

350,410 

Twenty  Meeks 


Outer  Edge 

Iodine  No. 

31.^ 

30.1 

30.9 

30.8 

Center  Iodine  No. 

3I.3 

30.1 

30.1 

30.9 

Outer  Edge 

Vac.  Oven  Moisture 

1-3 

1.6 

1.8 

1.0 

Cent  .„r 

it  ii  t. 

I.34 

1.6 

1-7 

1.0 

Outer  Edge- 

Dean  &  Stark  (E.K.) 

1.7 

1-5 

1.9 

l.l 

Center 

t!  11  It 

1-7 

1.3 

2,0 

1.4 

Outer  Ed0e 

2-Day  770i  .  Vis. 

430 

640 

420 

680 

Center 

2 -Day  77 °F.  Vis. 

510 

610 

•  440 

630 

Outer  Edge 

1-Day  1500*  .  Vis. 

330 

340 

190 

400 

Center 

1-Day  l30Oi  .  Vis. 

400 

370 

250 

390 
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Such  f iberboard  packages  would  obviously  bo  unsat¬ 
isfactory  for  Type  A  Re pa lm  where  the  soap  may  be  exposed  1  or 
several  months  in  atmospheres  of  widely  varying  humidity  and 
where  no  facilities  for  re drying  con  be  expected  to  be  availa¬ 
ble.  For  this  type  the  only  completely  satisfactory  package 
is  a  hermetic;: lly-s o'  led  metal  can.  This  is  now  in  use  lor 
Nrpr.lm  Type  A. 

Prevent 1 on  of  the  Moisture _ Effect 

Until  recently,  little  attention  has  been  given  to 
the  possibility  of  preventing  the  troubles  caused  by  moisture 
absorption,  however,  three  distinct  methods  have  been  sug¬ 
gested  so  far  for  doing  this: 

1.  Addition  ol  r  dehydrating  r^ent  to  the  gasoline  in 
which  the  solid  soap  is  to  be  dispersed.  This  dehydrating 
agent  must  n-  turally  have  no  effect  upon  the  bel  formed  even 
after  prolonged  standing.  Phosphorus  pent  oxide,  sodium-;-,  and 
c:  lcium  carbide,  while  satisfactory  temporarily ,  have  be.cn 
found  to  cause  breakdown  of  the  gel  on  lon^  keeping.  Calcium 
chloride  and  calcium  sulfate  may  be  satisfactory .  Surveillance 
tests  with  these  materials  are  under  way. 

2.  Coating  the  dried  particles  to  slow  down  the  rate  of 
diffusion.  It  is  conceivable  that  r  thin  layer  of  parc.fl in 
wax  or  other  rel  tively  moisture -impermeable,  gasoline-soluble 
material  distributed  evenly  over  the  exterior  of  the  particles 
might  slow  down  the  rate  of  water  absorption  to  such  an  extent 
that  the-  soaps  could  be  handled  with  no  great  difficulty.  Such 

a  layer  mi  Jit  also  assist  in  retarding  oxidation  oi  the  solid  . 
soap.  Preliminary  experiment s  conducted  at  A.D.  Little,  Inc. 
indicate  that  10%  of  p  raff In  based  on  the  weijat  of  the  soap 
is  effective  in  reducing  the  rate  of  moisture  pickup,  while  not 
unduly  prolonging  the  solvation  time  of  the  gel.  Those  experi¬ 
ments  arc  being  continued. 

3*  The  addition,  prob-bly  in  the  course  of  manufacture, 
of  n  material  (capable  of  chain  formation  by  coordination  at  two 
points  in  its  molecule  to  the  soap)  which  would  coordinate  pre¬ 
ferentially  with  the  carboxyl  groups  of  the  soap  molecules,  thus 
preventing  water  molecules  from  brooking  the  chains.  This 
possibility  has  been  considered  by  the  Shell  group  (15)  mainly 
in  connection  with  the  addition  of  oxidation  inhibitors.  Pre¬ 
liminary  results  with  ^  -ortho-toluidinc  stearic  ; cid  ( Alpha t ol ), 
1%  of  which,  based  on  the  final  soap  yi-ld,  was  added  to  the 

•*Recent  experiments  (57)  indicate  that  sodium  may  be  satis¬ 
factory  with  certain  soaps. 
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neutral  soap  solution,  rencutralizod  end  precipitated  with 
alum,  eave  .a  gel  with  excellent  oxidation  stability  and 
increased  stability  tow  rd  water.  This  soap  and  a  blank  cno.de 
and  dried  simultaneously  to  about  '<L%  water  content  (C.A.S. 
benzol  distillation  method)  were  suede  into  8%  gbls  in  straight 
run  ecsoline.  Mobilo.oeter  readings  on  the  gels  are  shown 
below  and  the  inhibitor  action  on  the  solid  soap  in  Table  VII  C, 
p.  kj.  It  will  be  seen  that  the  Alphctol  not  only  acted  as  an 
inhibitor  but  also  stabilized  the  gol  against  the  moisture  ef¬ 
fect.  further  work  is  being  done. 

^jdays  _7„1”F  ^  il  A€±~ls- J.VJ-L 

1%  Alpha t  ol  —  605  5 00 

Check  560  250  39 


Oxidation 

The  main  results  of  the  oxidation  of  N  palm  have  bc-en 
noted  on  pages  12-20  •  in  this  section  it  is  proposed  to  go  into 
greeter  detail  on  the  methods  for  evaluating  oxidation  and 
other  work  which  has  been  done  on  the  oxidation  problem, 

!• _ Mi©  .UOP  _Test_Bo;objAethod_U5),  This  method  of  testing 

r.luminum'soivp  'products  for ~ oxfda €T Jn ~s t ability  has  been  adapted 
from  that  used  in  the  testing  of  gasolines  and  consists  A 
subjecting  the  sorp  to  th<~  action  of  oxygen  in  a  bomb  under 
elevated  temperature  and  pressure.  The  UOP  test  bombs  used (17) 
were  modified  to  use  a  ^50  lb.  sheet  safety  disc  to  protect  the 
pressure  recorder. 

15  gram  soap  samples  are  placed  in  8  oz.  polished  oil 
sample  bottles  and  inserted  in  the  cold  bombs.  Air  is  dis¬ 
placed  by  admitting  oxygon  to  100  p.s.i.  and  releasing  the 
pressure.  This  is  done  twice  and  the  pressure  brought  to  the 
desired  value,  usually  100  p.s.i.  The  bombs  were  then  heated 
to  the  required  temperature  in  a  thermostatically  controlled 
oil  bath  and  allowed  to  remain  until  r  rapid  absorption  of  oxygen 
occurred  as  indie,  ted  on  a  chart  (figure  7)>  ->r  by  rupture  of 
the  pop- off  disc,  n  correction  of  45  minutes  is  subtracted  from 
the  total  tine  to  allow  for  the  heating-up  period. 

The  samples  used  in  the  bomb  tests  are  made  in  a  special 
manner  to  prevent  sintering,  which  when  it  occurs,  causes  no 
satisfactory  induction  period  t .•  be  obtained.  The  procedure 
used  is  as  follows: 


trigted 


Illustrative  Charts  from  the  Accelerated 
Oxidation  Test  Apparatus 

Time  vs.  Oxygen  Pressure  (Psi.  Gauge) 

FIGURE  7 


A  -  Straight  Napalm  135  min.  standard  IP. 

B  -  Sample  A  +  O.Ol£  UOP#5,  662  min.  standard  IP. 

C  to  F  -  Sample  A  at  80“C  and  25,  50,  75,  and  100  psi.  02. 

Variation  of  IP  and  violence  of  reaction  with  pressure 


A  one  normal  solution  of  basic  aluminum  sulfate 
is  added  slowly  with  very  rapid  stirring,  to  an  equal 
amount  of  neutral  one  normal  soap  solution.  The 
very  fine  precipitate  produced  at  first  remains  dis¬ 
persed  until  just  before  the  end  point  when  the  par¬ 
ticles  coagulate.  After  washing  and  drying  the  soaps 
still  contain  3%  to  10%  free  acids  extractable  with 
acetone.  The  soaps  of'  the  lower  figure  are  usable 
directly  in  the  bombs,  but  those  containing  above  6% 
free  acid  must  be  extracted  v/ith  acetone  before  test¬ 
ing.  The  acetone  not  only  removes  free  acid  but  also 
neutral  oil  and  £lkyl  phenols.  The  samples  are  then 
screened  through  yO  mesh  and  tested.  It  was  found 
for  these  extracted  Bap alms  tnat  a  relationship  between 
the  induct! jn  period  and  the  temperature,  T  in  °  K,  and 
pressure,  P  in  p.s.i.  absolute,  could  be  deduced,  namely: 

log  IP  (mins.)  =  5480/T  -  I3.Q  (at  25  p.s.i.) 
log  IP  (mins.)  =  3. 021  -  0.56  log  P  (at  89°  C.) 

2.  The  neat-Rise  Method  (Mackey  or  Modified  Mackey  Test), 
It  wa  "early"  ~f  ound  "that  soap  s'  "susceptible ~£o  oxidation  ~\vn  e  n 
heated  in  an  oven  at  l80°  or  ^00°  T,  finally  showed  a  rapid 
rise  in  temperature  followed  by  a  drop  (figure  8).  This  ap- 

p:  ared  to  be  caused  by  an  autocatalytic  oxidation.  This  pro¬ 
cedure,  while  satisfactory  from  the  research  anelo,  is  incon¬ 
venient  for  routine  laboratory  examination  of  soaps,  for 
this  purpose  both  the  Mackey  test  (Allens  Commercial  Organic 
Analyses,  5th  Edition  Vol.  2  p.  759)  rind  a  modified  Mackey 
test,  the  apparatus  being  shown  in  figure  9*  were-  used.  It 
was  found  that  soaps  which  were  known  to  oxidize  readily  gave 
a  temperature  rise  in  from  45  to  90  minutes  by  these  methods 
while  two  Nuodex  soaps,  #15371  and  #15574>  which  had  been  kept 
for  over  six  months  and  were  known  to  be  stable,  showed  no 
temperature  rise  under  these  conditions  even  after  exposure 
to  the  heat  test  for  10  hours.  It  seemed,  therefore,  that  here 
was  available  a  “ go-no-go"  test  for  detecting  oxidation  sus¬ 
ceptibility  in  the  soaps,  for  this  purpose  it  seems  to  have 
been  satisfactory  although  the  temperature  rise  does  not  appear 
to  be  significant  when  soaps  show  sintering,  however,  an  in¬ 
duction  period  can  be  measured  if  the  soaps  oxidize  within  a 
reasonable  length  of  time.  The  test  is  influenced  by  air 
velocity  and  by  the  fineness  ox  tho  soap  particles. 

3.  Peroxide  Value,  It  has  boon  found  (10,l8,ly) 
those  soaps  which  oxidize  readily  tend  to  show  high  peroxide 
values  (mg.  iodinc/gm,  soap)  when  treated  with  potassium  iodide. 
The  peroxide  value  can  also  be  used  as  a  guide  to  whether  or  no 
the  induction  period  has  been  exceeded.  The  procedure  is  as 
follows : 
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FIGURE  9 

STABILITY  TEST  FOR  X-f04  TYPE 
THICKENERS  AT  100  °C. 


THERMOMETER 
'( 400  °C .) 


J9-90M.M.  SOXHLET 
EXTRACTION  THIMBLE 


i  50  CM. 

(MIN.  LENGTH 
OF  JACKET) 


2.4/40  T  GROUND 
GLASS  JOINT 

^6  GRAM 
SAMPLE 


STEAM 

OUTLET 


AIR  INLET 

OLOI-  0.0 £  CU  FT.  X MIN 


r"% 
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Five  grams  (+  0.1  gm. )  of  the  soap  is  weighed 
into  an  iodine  flask  and  56  ml.  of  a  mixture  of 
glacial  acetic  acid  and  chloroform  (0O/4O  by  weight) 
added.  The  flask  is  aha ken  gently  to  avoid  forma¬ 
tion  of  lumps  and  3  ml.  of  a  saturated  aqueous 
potassium  iodide  solution  is  added.  The  mixture  is 
'shaken  vigorously  for  1.5  minutes  (this  must  be  care¬ 
fully  timed),  100  ml.  of  water  is  added,  and  then 
titration  is  carried  out  in  the  usual  w-'y  with  thio¬ 
sulfate  solution  using  starch  as  indicator.  The 
peroxide  number  is  defined  as  the  number  of  milli¬ 
grams  of  iodine  liberated  from  potassium  iodide  by 
one  gram  of  the  material  and  may  be  calculated  from 
the  expression: 

Peroxide  number:--  1^7  x  volume  (ml.)  x  normality 

V<t.  sample 

It  is  convenient  to  use  a  standard  thiosulfate  solu¬ 
tion  of  which  the  normality  is  0.03^4*  in  which  case 
the  peroxide  number  may  be  read  directly  from  the 
burette  if  a  five  gram  sample  is  used. 

Unfortunately,  the  UOP  bomb  method  does  not  lend  itself  to 
the  routine  investigation  of  ha  palms  because  of  the  necessity7 
for  acetone  extraction  of  the  samples.  Nevertheless,  it  has 
been  used  with  great  success  to  prove  the  presence  of  inhibitors 
in  the  Napalm  and  the  effectiveness  of  adding  inhibitors  to  . 

prevent  the  Napalm  oxidation  (pages  13-go  )•  h  similar  method'10' 
has  been  used  in  the  C.L.S.  Laboratories  at  Columbia  where  a 
25  gram  sample  of  the  soap  was  sealed  up  in  on  atmosphere  of 
oxygen  in  c.  100  ml.  flask  attached  to  a  mercury  manometer 
(initial  pressure  1  atmosphere).  With  this  apparatus,  it  was 
demonstrated  that  Steolate  ( stearate-oleate )  and  Stearate  - 
Staybelite  soaps  are  considerably  more  susceptible  to  oxida¬ 
tion  than  the  Napalms. 


Table  XXI 

Oxidation  of  Aluminum  Soaps_in  Sealed  Flasks 


(10) 


Soap 


Induction 
Period  c*2°  C. 


Induction 
Period  4S0  C. 


Steolate  16  hours 

Stearate-^Staybelite  "Jd  " 

Napalm  (Nuode-x) 

Napalm  (McGean) 

It  was  further  Shown  tnat  Napalms  differed  in 
period,  confirming  the  Snell  tost . 


O.5  hours 


1^2  si 
their  induction 
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With  the  temperature-rise  method  considerable  data 
have  been  accumulated  and  are  shown  in  Table  XXII.  It  will 
be  seen  that  the  oxidizability  of  Napalms  varies  widely  and 
at  the  present  time  no  complete  explanation  of  this  can  be 
given. 


There  is  no  doubt  that  using  the  same  fatty  acids 
the  introduction  of  iron  either  as  a  soluble  soap  (naphthenate ) 
or  in  the  alum  is  not  deleterious  to  gel  properties  but 
greatly  decreases  the  induction  period  of  the  soap  (Table  V, 
page  I4).  At  the  same  time.  Napalm  samples  made  from  dif¬ 
ferent  lots  of  naphthenic  acids  seem  to  possess  variable  sus¬ 
ceptibility  to  the  catalytic  action  of  iron  soaps.  For  example, 
one  sample  remained  unoxidized  for  JOO  minutes  in  the  UOP 
bomb  test  in  the  presence  of  0.05%  i^on  without  inhibitors. 

The  addition  of  0.01%  UOP  # 5  raised  this  tolerance  to  0.1%. 
Another  sample  broke  down  long  before  this  time,  although  its 
iron  content  was  only  0.004%* 

It  seems  probable  that  an  acetone  soluble  iron  de¬ 
activator  is  present  in  Napalm  since  extraction  of  the  soap 
with  that  solvent  reduced  the  stability  in  the  presence  of 
0.025%  iron  to  practically  zero  if  uninhibited,  and  to  150 
minutes  with  0.01%  UOP  #5  added.  This  deactivator  may  or  may 
not  be  identical  with  the  neutral  alkyl  phenols. 

It  is  certain  that  iron  has  an  adverse  effect  in 
many  instances,  although  in  isolated  cases  ho  trouble  has  been 
experienced  with  soaps  of  high  iron  content.  Until  the  whole 
story  is  known,  iron  must  be  regarded  with  suspicion  and  should 
be  kept  as  low  as  possible  in  Napalm  by  the  use  of  substantially 
iron-free  alum  and  acids  containing  the  minimum  amount  of  iron. 
Manganese,  copper  and  cobalt  are  other  alum  impurities  which 
should  be  avoided. 

Another  known  factor  which  plays  a  considerable  part 
in  the  oxidizability  of  Napalm  is  the  natural  inhibitor  present 
in  naphthenic  acid.  No  progress  has  been  made  as  yet  in  test¬ 
ing  different  samples  of  naphthenic .acids  for  this  variable 
so  that  a  uniform  product  could  be  recommended  for  procurement. 
It  has  been  suggested  that  control  might  be  secured  by  testing 
a  5O-5O  mixture  of  the  naphthenic  acid  in  question  and  standard 
oleic  acid  with  an  accelerated  oxidation  test  of  the  Mackey 
or  UOP  bomb  type.  Until  some  test  of  this  type  Is  devised,  or 
alternately  a  single  raw  material  source  and  a  constant  method 
of  isolation  is  used,  no  certainty  of  this  oxidation  stability 
of  Napalm  without  adding  artificial  inhibitors  can  be  expected. 
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Table  XXII 

Induction  Periods  by  heat -Rise ^Method 


(33) 


Induction  Temperature 


Batch  Number 

Period--- 

Rise  °C. 

hours 

Nuodex 

88538 

20 

None 

u 

890^ 3 -A 

22 

None 

it 

89033 

22 

None 

0 

15374 

30 

None 

it 

15923 

00 

30°c. 

11 

16242 

00 

250°C. 

11 

16307 

10cC. 

It 

16308 

27°c. 

It 

17016 

— 

6°c. 

(1 

16565 

-- 

5°c. 

(1 

87957 

None 

11 

87938 

— 

None 

11 

87334 

— 

Hone 

It 

87885 

«•  «p» 

None 

it 

87896 

None 

ft 

87892 

— 

None 

\\ 

87907 

-- 

None 

w 

879°5 

— 

None 

if 

87830 

-- 

None 

u 

87891 

— 

None 

McGean 

684 

20 

None 

it 

1220 

7-5 

2  °C  . 

760 

4 

3°c . 

» 

1094 

6 

2  °C . 

it 

1039 

1 

3°c. 

it 

1125 

5-5 

4:c* 

il 

1169 

6 

6°c. 

II 

1241 

2 

6.5°c 

Harmon 

83355-R 

23 

None 

it 

R-10543 

8 

None 

*1 

R- 112 02 

8 

None 

10X1186 

9 

None 

n 

10X1133B 

9 

None 

Ferro 

22  (dried  at 

i6o°f, } 

6 . 8 

2  °C . 

11 

22  (dried  at 

l85°F. ) 

3»7 

2  °C  . 

11 

67. 

5.5 

5°c. 

Imperial  6-4~43 

0.5 

7°c . 

n 

NR  54 

28 

None 

11 

91 

36 

None 

ii 

NR111 

2.5 

5°c. 

Pfister  50 -A 

20 

None 

it 

98 

2-5 

2  °C . 

11 

106 

33 

None 

n 

N3-2432-34  • 

3 

2  °C  . 

%  Fe 
Content 


O.O35 
O.O49 
O.O36 
0.060 
0.160 
0.054 
0.053 
0.194 
0.210 
O.O53 
0 . 004k 
O.OI56 
0.0099 
O.OO85 
O.OO68 
O.OO65 
0  * OO36 
0.0069 
0. 0144 
0.0083 
0.031 
0.015 
0.030 
0.024 
0.018 
0.027 
0.030 
0.025 
0.024 


0.034 

0.016 


0.025 

0.025 

0.019 

0.01+9 

0.023 

O.O32 

O.025 

0.102 

0.022 

0.018 

0.020 


Vvhere  no  temperature  rise  is  indicated,  time  under  induction 
period  is  total  time  oi  heatinfc.  Where  blanks  appear  data 
are  missing. 
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Another  source  of  variable  oxidation  susceptibility 
lies  in  the  oleic  acid  used.  Investigation  of  s  number  of 
commercial  oleic  acids  indicates  that  they  have  widely  dif¬ 
ferent  induction  periods  (Table  XXIII).  Aluminum  soaps  were 
prepared  from  the  different  acids  and  dried  in  an  inert  at¬ 
mosphere  at  55°C .  Mackey  tests,  columns  7  an(i  8>  were  made 
on  both  the  soap  and  the  acid.  Peroxide  values  were  obtained 
on  the  solid  soaps  at  various  times  up  to  22  days.  The  anti¬ 
oxidant  effect  of  the  naphthenic  acid  is  clearly  indicated  by 
the  peroxide  values  on  soap  6-^59B  in  the  Table.  It  must  be 
concluded  from  these  results  that  oleic  acid  used  in  the  manu¬ 
facture  may  also  be  a  factor  in  the  oxidation  of  Napalm. 

Certain  details  in  the  precipitation  of  the  Napalm 
have  been  shown  to  affect  the  oxidation  susceptibility  of  the 
finished  Napalm.  The  addition  of  insufficient  excess  alum 
after  the  coagulation  point  produces  Napalm  which  is  more 
susceptible  to  oxidation  than  that  made  with  the  proper  excess 
of  alum.  Even  with  the  proper  excess  of  slum,  insuf X icient 
washing  of  the  finished  Napalm  gives  a  product  somewhat  more 
susceptible  to  oxidation  than  is  properly  washed  Napalm. 
Finishing  of  the  product  at  too  high  a  pH  can  also  cause  greater 
oxidation  susceptibility  (Figure  5)* 

The  Free  Fatty  Acid _C on tent  of  Napalm. 

It  appears  to  be  impossible  to  prepare  AIX3,  where 
X  is  a  fatty  acid  radical  by  aqueous  precipitation.  No 
matter  how  great  an  excess  of  aluminum  is  employed  free  fatty 
acid  always  appears  to  be  present  in  the  final  soap.  This 
acid  is  extractable  by  a  number  of  solvents  most  of  w'hich  also 
appear  to  extract  some  aluminum  soap,  as  shown  by  the  ash  of 
the  fatty  acid  extract.  The  most  satisfactory  solvent  from 
the  standpoint  oX  freedom  from  aluminum  soaps  of  the  free  fatt 
acids  appears  to  be  cold  acetone . )  The  amount  of  materi 
extracted  depends  upon: 

1.  The  number  and  length  of  time  of  the  extracts, 

2.  The  temperature  of  extraction, 

3.  The  dryness  of'  the  acetone  used. 

It  appears  probable  that  continued  extraction  par¬ 
ticularly  with  moisture  present  in  the  acetone  tends  to 
hydrolyze  the  soap,  liberating  more  free  acid  which  in  turn 
is  removed  by  the  solvent.  Table  XXIV  shows  results  obtained 
with  a  variety  of  treatments.  On  the  basis  of  the  above 
results,  the  C.W.S.  Laboratory  at  Columbia  has  mode  the  follow¬ 
ing  suggestion  for  free  fatty  acid  determination,  results  ob¬ 
tained  on  a  number  of  soaps  being  shown  in  Table  XXV. 


RESTRICTED 


p  ^ 


(a)  no  rise  in  temperature  in  ipS  hours 


-68- 


w 

ct 

0 

d 

H 

O 

03 

o 

H 

O. 


F 


—  p) 

O  o 

g 

>' 

d  O 

cd 

1 

00  o 

H*  O 

p 

d 

0  p 

d 

H  [ 

Ct  03 

H  O 

dd 

© 

co  d 

ct 

P  1 

03  H* 

O 

13“ 

c+ 

p 

H*  | 

d 

03  P 

ct 

H* 

o  d 

d  l 

Ct 

o  d 

Ct 

O 

H'VJ 

d 

0 

(0  03 

h  d 

03 

H 

0 

H  O 

O.  ct 

d 

d 

td 

Co 

o 

H*  H 

01 

H* 

0 

d 

I-1 

Ct  CO 

O 

Co 

p 

o 

0 

0  03 

d 

H- 

H* 

o 

CO 

I—1 

O 

o 

!->• 

CO 


O 

Ct 


d 

0 

Ct 

8  pa 

Q  O 

d 

g  p 

o  CP  S3 

d 

0 

W 

03  O 

o 

d  h* 

H  O  0 

a  o 

3 

O 

3  ct 

d 

s 

o  d 

P  PH 

s 

P  o 

0 

d 

ct  o 

t— 1 

Co  0 

d  3  o 

3  CT 

d 

d 

H  d 

0 

0  CO 

1st  0  Ct 

ct  o 

<<j 

o 

0 

co 

X 

H  d 

0 

H- 

0 

d 

H 

o 

d 

3 

H 

co 

H 

CD 

VC 

VC 

vc 

P 

d 

VN 

1 

i 

--3 

1 — 1 

CD 

-P 

o 

rv 

VH 

t 

i 

4 

4 

• 

• 

ct 

4 

ON 

O 

vn 

4=~ 

O 

H* 

-Pt 

• 

O 

d 

o 

o 

O 

O 

T) 

1 

1 

1 

t 

4 

• 

•  - 

• 

0 

i 

1 

1 

i 

vtn 

o 

O 

Q 

d 

VN 

o 

V>‘ 

rv 

dd 

H* 

H 

-F 

—0 

0 

o 

vn 

CO 

w 

p- 

o 

O 

H> 

IV1 

M 

ro 

rv 

H 

tv 

H 

H 

t* 

o 

On 

on 

VN 

VC 

o 

VC 

v£_ 

Co 

O 

CO 

rv 

H 

CD 

-p- 

o 

VN 

-p- 

g 

o 

O 

§ 

• 

0 

d 

o 

Co  cj 

H* 

Ct  4 

ct  CO 

w  h 

Ct  d 

ct  d 

P 

P  03 

P 

P  H 

d  p 

Ct  H* 

d  0 

d  0 

o 

H 

1 

d  • 

3 

3  H 

o  d 

d  qrc 

O  CO 

o  co 

O 

1 

•  Pa 

ct 

Ctpc 

3  X" 

P  V 

s-  CO 

S3  Co 

t-1 

o 

o 

0 

0  Ct 

d 

E;  ct 

d  H 

d  H 

O 

H 

X  a 

d 

d  ct 

d 

w 

d 

0 

H* 

0 

ct 

Ct 

H 

d 

CO 

O 

t— 1  CD 

H  H-O 

H  H  ON 

H  H  On 

P 

vn-F 

CDO  h 

P'VMpr 

OVC  VC 

P  00-0 

O 

O 

O  VO 

•  •  * 

•  •  • 

•  •  • 

4  4  'cV 

o 

H 

•  • 

on  rv  (\ 

vjnvji  CO 

vri — a  co 

HVC 

3 

H-O 

i 

1 

1 

>5>  >sS- 
o'"  o'  O' 

'o'  'ct  ct 

V'  qH  O 

d5 

w 

voa 

i 

1 

1 

H 

o 

i 

1 

I 

WHO 

WHO 

WHO 

W  H  0 

w 

P 

p  w  dd 

P  H  H 

P  H  H 

P  H  H 

P  H  H 

H* 

d 

O  Ct  p 

Ct  d  0 

ct  d  0 

ct  d  0 

ct  d  O 

Ct 

Co 

H  0  H 

•  O  H 

4  O  H 

4  O  H 

4  O 

H 

CO  P  3 

H  — 

(OHO 

P  H  O 

P  H  O 

P  H 

o 

H3 

d  H* 

o  s 

O  0 

O  0 

O  0 

O  0 

d 

p 

H*  ct 

H  P 

H*  H 

H  H> 

H  H 

H  H 

0 

O  H 

o  X 

CO  O 

Co  o 

CO  O 

CO  O 

H 

O 

* 

07 

w 

w  -p 

W 

d 

o  rv 

pc  rv 

— 0  -PI 

VM  CD 

■fP  t  P  s 

P 

p 

4  Ct  fV 

p 

h  rv 

-0  HVM 

-O'* 

-O  CO 

O  P 

> 

' _ •  0  vn 

CD 

>4  V>J 

|  H*  hj  O 

H 

5 

VMVC 

&  1  pi  a>  ^ 

d 

*0 

CD 

H* 

d  0 

s 

4 

2 

Hg 

H* 

CO 

O 

d 

« 

CO  H 

H 

d 

CD 

rv 

VJ1 

-F 

VN 

>  o  co 

P 

p 

4 

p 

■p- 

o 

vn 

o 

h  H,  d 

Ct> 

VP 

o 

o 

3 

W  ct 

p 

Ct 

H  I  O  H 

g 

d 

d 

P  o 

w 

09 

w 

W  d 

, — . 

• 

4 

H 

t3 

(P 

ict 

IH 

in> 

lx: 

I  x 
» • — < 
IH 
IH 


o 


RESTRICTED 


—69"' 


restricted 


VN 

VN 

Ov 

CSV 

OV 

Ov 

OV 

ltd 

I-1 

H 

M 

I 

1 

1 

I 

1 

lo 

< _ > 

1 

1 

vn 

Ov 

OV 

Ov 

vn 

l* 

ro 

ro 

VD 

O 

O 

o 

VD 

rv> 

ro 

i-3 

td 

> 

’  o 

td 

O 

0 

> 

tti 

CO 

c+ 

ct 

-"td 

P  O 

vn  ftJ  S! 

> 

4  O 

td 

fej 

0 

cn  o 

o  o 

O  H  P) 

4 

0  P 

d 

t— 1 

3 

C+  CO 

H*  O 

•  •  P  PS 

O 

P  4 

o' 

P 

43 

P  H- 

P  o 

vn  h-  4* 

c+ 

P 

«} 

H* 

w 

0 

^  4 

CO  P 

O  4  ci¬ 

H* 

O  4 

4 

o 

4 

cr 

4 

ts' 

O 

P'M 

4 

0 

p 

JO 

0  CO 

-  4 

O  0 

H 

0 

43 

c+ 

H  O 

l— 1  ct 

M  4 

4 

td 

P 

O 

d 

H»  H* 

0  K- 

0 

4 

H 

4 

c+  P 

o 

H*  O 

P 

p 

O 

0 

0 

0  co 

H* 

O 

4 

H* 

H* 

■s_» 

h-> 

1 

O 

P 

t— 1 

O 

CJV 

H* 

VJ1 

/-s 

I-1 

o 

H* 

*-  r* 

o 

• 

P 

ro 

P 

V»  • 

vn 

VD 

o 

O 

vn 

CD 

• 

• 

• 

% 

* 

• 

« 

O 

w- 

ON 

H- 1 

vn 

o 

co 

p- 

P* 

4 

vn 

VXI 

vn 

p 

■ 

t— 1 

1— 1 

i 

1 

i 

t-‘ 

vn 

P 

i 

1 

to 

• 

• 

o 

P 

P 

ct 

vn 

tr 

0 

-o 

i-1 

vn 

4 

l 

1 

i 

o 

co 

vn 

1 

ivn 

• 

• 

o 

vn 

-J 

P 

CO 

0 

to 

CO 

o 

ro 

P 

1 

l 

• 

l 

1 

i 

• 

IV 

P~ 

P 

vn 

0 

O 

On 

O'N 

i 

1 

1 

1 

i 

OV 

• 

• 

• 

VC 

VD 

vn 

H> 

Vn 

i 

1 

1 

i 

i 

VC 

» 

'* 

ro 

VD 

o 

H 

i 

1 

i 

IV 

VC 

VC 

» 

t— 1 

1 

M 

o 

OV 

o 

o 

vc 

H- 1 

i 

1 

• 

1 

1 

1 

-o 

h-1 

P 

M 

M 

ro 

to 

i 

t 

1 

CO 

vc 

o 

1 

vn 

vn 

vn 

M 

O 

H* 

fO 

i 

1 

• 

1 

i 

i 

ro 

VN  lio 


-p  Tr»r*rnT>  TQ^^X) 


Obtained  on  extract  after  5  hours  treatment. 

In  five  steps  of  2  liters  acetone  each,  washed  on  filter  with  1  liter  after  each  step 
Plus  4  liters  for  washin^  on  filter. 
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Table  XXV 


Summary  of  Results  Usinfe  Proposed  JMethod 

t  or 

Percentage  Soap  Extractable  by  Acetone 


Soap  Date 

Run  No. 

%  Extracted 

McGean  Lot  684  27/7/43 

1 

6.6 

u 

2 

O  .d 

4/8/43 

1 

6.7 

11 

2 

6.3 

12/8/43 

1 

6.2 

u 

2 

6.1 

Nuodex  Lot  89093  23/7/43 

1 

7.0 

u 

2 

6.9 

27/7/43 

1 

7.1 

s* 

2 

7/3 

McGean  Experimental 

normal  - - 

- 

4-9 

high  excess  caustic  - 

- 

4.I 

low  excess  caustic  - 

- 

7-7 

Steolates,  31-20-B-l  - 

— 

15.8 

”  3I-20-B-4  --- 

- 

13.1 

"  31-20-B-8  — 

- 

14*  5 
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Method  of  Determination  for  tree  Fatty  Acid 

1.  Grind  the  soap  in  a  mortar. 

2.  To  a  fifteen  (13)  gram  sample  in  an  iodine 
flask  add  fifty  ( 50 )  ml.  of  dry  acetone  (dried  over  Drierite). 
Allow  to  stand  fifteen  (15}  minutes  with  accasional  swirling.. 

At  the  end  of  that  time  decant  through  a  filter  into  a  weighed 
2^0  ml.  beaker.  Repeat  with  a  second  fifty  (50)  ml.  portion 
of  acetone,  decanting  through  the  same  filter  into  the  first 
filtrate.  Finally,  give  the  soap  a  ouick  wash  with  a  fifty 
(50)  ml.  portion  of  acetone,  and  decant  the  wash  acetone 
through  the  filter. 

3.  Evaporate  the  combined  filtrates  on  a  steam 
bath  until  acetone  vapor  is  no  longer  detectable,  avoiding 
unnecessary  overheating.  Transfer  the  beaker  to  an  oven  and 
heat  at  65°C.  for  forty-five  (43)  minutes.  Cool 'and  weigh. 
Tests  have  shown  that  the  time  of  neatin0  the  extract  at  63° 
is  not  too  critical.  An  additional  half  hour  of  heatine  would 
decrease  the  weight  of  a  1.0  gn.  extract  by  about  20  mg.  A..;:;. 

with  Napalm  no  correlation  has  yet  been  made  of  free 
fatty  acid  content  with  physical  pro£>erties,  although  it  is 
known  that  the  presence  of  a  certain  amount  of  irce  acid  is 
essential  for  ^elation.  Thus ,  a  soap  thoroughly  extracted  with 
methyl  alcohol  does  not  disperse  in  gasoline  unless  a.  small 
quantity  of  a  polar  compound  is  added. 

It  is  believed  that  under  certain  favorable  condi¬ 
tions  hydrolysis  of  tho  wet  aluminum  soap  can  occur  during 
dry ine  or  even  durine  washing.  There  is  some  evidence  also 
to  show  that  prolonged  washing  of  the  solid  soap  gives  gels 
of  somewhat  lower  consistency  (42).  The  relationship  of 
this  to  free  acid  content  has,  however,  not  been  decisively 
proven. 

Vice  c  sity_Conc  c-ntrat  ion  Re  loti  on  ship 

Considerable  work  was  done  in  the  early  days  of 
the  problem  on  the  relationship  between  the  consistency  of  the 
gels  and  their  concentration! 5 ) .  Much  of  this  must  be 
regarded  as  vitiated  because  no  attention  was  paid  to  the 
moisture  content  of  the  Cc-ls  used.  Nevertheless,  the  general 
relationship  is  clearly  shown  in  Figure  10,  1%  in  concentra¬ 
tion  over  the  ranwe  from  670  to  l2/0  givin0  sn  increase  of  ap¬ 
proximately  150-200  grams  in  c  onsistency .  The  variability 
due  to  the  use  of  different  samples  of  in. palm  (including  their 
different  water  contents )  is  also  clour.  It  will  be  ween  that 
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bbstbicted 

without  adequate  control  of  the  moisture  and  other  variables, 
it  is  impossible  to  reproduce  a  solution  to  better  than 
+  200  grams  at  the  same  concentration.  This  fact  has  been 
responsible  ior  many  of  the  disappointments  and  troubles 
previously  reported  with  Napalm. 

Recent  data  obtained  at  Edgewood  (60)  allows  for 
this  moisture  effect  and  is  summarized  in  Table  XXVI.  The 
soaps  and  procedure  used  were  the  same  as  those  for  Tables 
XVII-B  and  XVIII.  It  will  be  seen  that  the  change  in  consis¬ 
tency  for  1 %  concentration  change  is  reasonably  uniform  over 
the  ranges  of  moisture  content  and  concentration  investi¬ 
gated. 


Further  studies  are  planned  on  the  viscosity-con¬ 
centration  relationship  in  which  moisture  content  will  be 
carefully  controlled  and  the  gasoline  variable  also  inves¬ 
tigated. 


Table  XXVI 

Variation  of  Consistency  with  Concentration 


A  Consistency  per  1%  Increase  in  Soap 


Moisture 

A 

B 

C 

CWS  Benzol 

8-2£7“ 

'9-12% 

§i2£T 

-9-12% 

A.  Results 

after  48  hrs.  at  770 

jh 

0.4 

210 

160 

160 

120 

3.70 

0.8 

100 

lyO 

200 

170 

180 

1.2 

60 

200 

170 

170 

170 

l  .6 

40 

lyO 

140 

170 

140 

2.0 

50 

250 

100 

160 

189 

B.  Results 

after  24  hrs.  at  150 

0  F. 

0.i| 

180 

lyO 

180 

160 

220 

0.8 

lJO 

160 

250 

170 

2I4.O 

1  #2 

70 

170 

22  0 

160 

170 

l  .6 

40 

lJO 

180 

160 

150 

2.0 

50 

90 

150 

140 

120 
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Testing  and  Specifications 


In  this  section  the  background  ol  the  specifications 
(CYvS  I96-I3I-IO7  its  revision  IO7A  and  Directive  kOlA, 

Appendix  VIII)  which  has  led  to  their  formulation  and  the  jus¬ 
tification  for  the  directions  given  will  be  considered. 

Composition.  This  reads  that  the  composition  of  the 
materxal'“sharr  approximate  equal  parts  of  ba sic  aluminum 
naphthenate,  aluminum  oleate,  and  aluminum  soap  of  cocoanut 
fatty  acids.  This  was  written  at  a  time  when  it  was  still 
not  certain  that  the  best  ratio  of  acids  was  two  of  cocoanut 
to  one  of  naphthenic  and  one  of  oleic.  Available  evidence 
strongly  indicates  that  the  specification  should  now  be 
changed  to  "The  composition  of  the  material  shall  approxi¬ 
mate  one  part  of  basic  aluminum  naphthenate,  one  part  of 
aluminum  oleate  and  two  parts  of  aluminum  soap  of  cocoanut 
fatty  acids". 

Sieve  Size.  The  reouirements  of  this  section  safeguard 
agains1;_€lie  “presence  of  a  large  amount  of  fines,  which  solvate 
very  rapidly  causing  premature  gelation  on  mixing.  Conversely, 
large  lumps  solvate  too  slowly.  As  long  as  excessive  fines 
are  avoided,  there  appears  to  be  no  reason  why  the  limits 
should  not  be  changed  somewhat  if  desired.  No  difficulties 
in  the  actual  determination  using  the  apparatus  suggested 
have  been  recorded. 

Aluminum  Content,  This  was  originally  written  when  it 
seemed  Fhaf “aluminum “content  might  be  some  guide  to  gel  be¬ 
haviour,  Sufficient  evidence  has  now  accumulated,  that  good 
gels  can  be  obtained  with  soaps  of  widely  varying  metal  con¬ 
tent,  that  this  no  longer  holds.  The  use  of  alum  solutions 
containing  water-insoluble  aluminum  compounds  invalidates  the 
test,  because  these  are  precipitated  with  the  Napalm  and  must 
be  included  in  the  aluminum  analysis. 

Ash  Content,  Remarks  similar  to  those  made  for  aluminum 
conten€“are “also  true  here. 

Moisture  Content.  Data  have  already  been  given  In  Tables 
II,  XVII  “and “XVffI To  indicate  that  moisture  Is  of  primary 
importance  in  determining  the  viscosity  of  the  gel,  particu¬ 
larly  in  the  A4  hour  -  I5O0  F ,  stability  test.  Soaps  prepared 
by  different  methods  undoubtedly  differ  in  their  susceptibility 
to  moisture.  Thus,  three  different  soaps  all  showing  0.7% 
moisture  by  the  benzol  distillation  method  gave  viscosities 
of  5^0,  380  an(i  700  i-n  tiie  I5O0  test.  Nevertheless,  most 
soaps  studied  seem  to  show?  satisfactory  behaviour  at  moisture 
contents  below  0. 6^-0. 8 %  by  benzol  distillation  (CWS  Method). 
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There  has  been  considerable  controversy  r.s  to 
the*  adequacy  of  the  benzol  distillation  ..method  for  the  de¬ 
termination  of  moisture.  The  method  first  used  in  which  an 
a, line  was  added  to  break  the  gel  was  shown  to  give  erroneous 
results  because  of  rcacti on  between  the  amine  added  and  free 
fatty  acid  of  the  soap.  The  method  gives  different  results 
according  to  the  boiling  point  of  the  solvent  used  The 

specification  issued  July  8th,  ly43>  gives  satisfactory  re¬ 
sults  when  operated  carefully  as  shown  by  Table  XXVII  below 
where  successive  determinations  were  run  on  the  same 

s  oap . 


Table  XXVII 


Reproducibility  of  Benzol 

Moisture 

Det ermine ti  on s -0 

/o  hater 

}'o  hater 

Ho.  of 

From  Opened 

From  Unopened 

ot  Ji 

0 ._  Drums 

_ Drum  _ 

Dili  L 

Drum 

Diff . 

54 

12 

•79 

.18 

•75 

.  83 

.70 

•  05 

55 

12 

.65 

.50 

,37 

•55 

.05 

56 

12 

-45 

.50 

'50 

.05 

.50 

.00 

57 

12 

.70 

•45 

58 

.03 

.07 

•  53 

.07 

11 

.70 

.70 

.72 

.02 

•50 

.20 

55 

5 

•75 

•75 

.70 

.05 

•  75 

.00 

6o 

12 

.58 

.50 

•53 

.05 

.50 

.00 

6i 

12 

.32 

.63 

12 

.  04 

,60 

•15 

62 

.03 

•75 

.63 

.00 

,70 

.05 

a3 

12 

•75 

•>75 

64 

.80 

.05 

.63 

.12 

12 

*75 

» 55 

12 

•75 

.00 

.  5'3 

.05 

65 

.70 

.63 

66 

.  68 

.02 

.63 

.00 

12 

•55 

.63 

•75 

.*0 

•75 

.12 

67 

12 

,83 

.70 

68 

•7g 

.05 

.83 

.07 

11 

.73 

.70 

•75 

>°3 

.70 

.00 

65 

11 

.70 

,80 

.>0 

.20 

•  oO 

.10 

70 

5 

.80 

•78 

•75 

.05 

.70 

« 

0 

CO 

71 

5 

•73 

.§3 

.70 

.03 

.65 

.13 

72 

1 

1.00 

.50 

.10 
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%  Water 

%  Water 

No.  of 

Prom  Opened 

Prom  Unopened 

Drums 

Drum 

Diff ._ 

Drum 

Diff. 

1 

.70 

•  75 

.05 

Average 

0.72 

.075 

O.65 

.076 

Data  from  Rocky  Mountain  Inspection  Laboratory  through 
Captain  Vv.  Bauer. 


Table  XXVIII  shows  check  results  on  the  same  soap 
between  different  laboratories. 


Table _XXV III 

Results  with  C.V*.S.  Benzol  Distillation  in  Two  Laboratories 


%  H20 

Hours  in  C«W.S.  Labs. 

Soap _  Drying  Ovens  Harmon  Color  Wks,  Columbia  University 


Harmon 

R11249 


Harmon 
83955  R 


12 

2.1 

2.2 

Ik 

2.6 

2 ,6 

16 

l.J 

1.1 

18 

1.2 

0.9 

20 

0.8 

0.8 

22 

0.3 

O.ii 

24 

0.4 

0.5 

29 

0.4 

012 

Eastman  Kodak 

C.W.S.  Lab. ,Edgewood 

-- 

O.55,  O.55 

O.65 

Setting,  No  difficulties  have  been  reported  with  the 
officIaJTmethod  for  conducting  this  test. 

Characteristics  of  the  Gel,  This  section  was  originally 
writtenTo  “fhsufe'fhaf  "the  “gels  formed  should  have  the  elasticity 
and  stringiness  characteristics  of  a  good  Napalm  gel.  Thus,  a 
Napalm,  if  excessively  oxidized,  would  fail  to  pass  these  tests. 
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Nevertheless,  as  far  as  is  known,  no  samples  have  ever  been  re¬ 
jected  on  the  basis  of  these  tests  and  their  abolition  would  seem 
desirable.  If  a  stringiness  or  test  for  length  is  still  desired 
then  substitution  of  the  extensiometer  (5^)  for  the  spatula  test  . 
would  be  indicated. 

Stability  at  -40°F.  This  was  originally  inserted  to  insure 
that  the TTapaTm  gels  would  not  show  syneresis  on  standing  for  a 
time  comparable  to  that  experienced  in  a  bomber  flight  at  -40°F. 

No  Napalm  has  ever  been  found  to  fail  this  test.  Furthermore,  it 
has  been  definitely  shown  (22)  that  this  test  does  not  correspond 
to  the  results  obtained  on  long  time  low  temperature  storage  such 
as  might  be  experienced  in  actual  use.  It  has  been  omitted  in  the 
final  specifications. 

Consistency^  This  is  the  most  fundamental  property  of  the 
soap  sTnceTf  governs  behaviour  in  all  its  uses.  Much  study  has 
been  devoted  to  finding  the  right  consistency  for  each  different 
use  (4,  5t44) •  Although  all  concentrations  are  not  yet  fixed, 
it  appears  that  it  may  be  necessary  to  use  Napalm  at  concentra¬ 
tions  of  (1)  4-5-I/2/0,  (2)  y%,  and  (3)  lj/o.  Since  It  would  ob¬ 
viously  be  unfair  to  ask  tne  manufacturer  to  test  his  s ;ap  at 
each  of  these  concentrations,  Q-/0  was  chosen  as  a  standard  test 
concentration  because  it  was  the  lowest  concentration  contemplated 
for  use  at  the  time  the  specification  was  written.  This  concen¬ 
tration  has  the  advantage  that  it  is  about  midway  in  the  range  of 
those  used  in  practice  and  also  aUHevis  reproducible  readings  to 
be  obtained  readily"  on  the  Gardner,  which  is  difficult  at  higher 
soap  concentrations. 

From  past  experience  it  has  become  clear  that  there  is  no 
difficulty  in  the  manufacture  of  a  Napalm  with  a  consistency 
of  from  5OO  to  800  grams,  if  the  moisture  content  is  suitably 
controlled.  At  very  low  moisture  contents,  it  is  possible  to 
obtain  consistencies  considerably  in  excess  of  800  grams  but 
such  soaps  would  offer  considerable  difficulties  in  manufacture 
and  handling. 

Considerable  trouble  has  been  experienced  in  many  places 
In  running  the  consistency  tests.  The  steps  in  the  test,  there¬ 
fore,  will  be  considered  In  detail. 

1.  Preparation  of  the  Gel.  The  oificial  method,  which  may 
be  called  the  open  vessel" ""mixing  technique,  has  received  considera 
ble  criticism  because  of  the  possibilities  of  loss  of  solvent, 
condensation  of  moisture  due  to  the  refrigeration  elfect  during 
vaporization  and  gel  heterogeneity  due  to  poor  mixing.  Perhaps 
the  most  thorough  study  of  different  mixing  techniques  was  made 
by  Allen  and  Levine  (25).  They  prepared  gels  by"  the  open  vessel 
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method,  by  tumbling  the  solid  soap  in  gasoline  in  a  quart  jar,  and 
by  tumbling  followed  by  stirring  with  a  perforated  piston  or 
masher  at  the  end  of  either  two  hours  or  24  hours.  Results  are 
shown  in  Table  XXIX.  It  will  be  seen  that  while  there  is  little 
indication  of  either  loss  of  gasoline  or  moisture  condensation, 
there  are  signs  that  better  mixing  was  obtained  by  methods  other 
than  the  open  vessel  technique.  Results  on  the  24  hour  I5O0  test 
were  not  obtained,  but  it  may  be  suspected  that  this  would  tend 
to  make  the  results  more  uniform  from  top  to  bottom  of  the  gels. 
Similar  results  with  respect  to  evaporation  were  obtained  by 
Elliott  ahd  McIntyre  (46),  who  found  that  small  gas  losses  in 
gel  preparation  affect  gel  strength  very  little.  Thus,  in  two 
groups  of  24  hour  150°F.  tests: 

3%  Sas  loss  --  average  strength  657  grams 
No  gas  loss  —  M  "  648  11 

This  is  well  within  the  error  of  Gardner  reading. 

The  possibility  of  moisture  condensation  has  been  tested 
at  Eastman  Kodak,  gels  being  prepared  in  constant  humidity  rooms 
at  20%  and  J0%  R.  K.  No  consistent  differences  could  be  found. 

It  appears,  therefore,  that  with  reasonable  care  good 
results  can  be  obtained  with  any  method  of  gel  preparation, 
although  constant  agitation  and  safeguards  against  evaporation 
are  desirable. 

2.  Gel  Transfer  to  Mobil ometer.  In  the  early  days,  be¬ 
cause  of  The  requirement"  Tnat  the  ~Ey0  Napalm  gels  be  poured, 
stored  and  evaluated  in  a  capped  :.i  ob  Home  ter  tube,  the  gel  was 
not  disturbed  between  completion  of  mixing  and  the  first  Gardner 
run.  It  soon  became  evident  that  storage  would  have  to  be  made 
in  tubes  other  than  the  mobilometer  tubes  and  the  question  arose 
as  to  the  difference  in  consistency  caused  by  the  transfer.  Many 
inspection  laboratories  use  a  plunger  or  piston  to  transfer  the 
gel  from  the  storage  tube  to  the  mobilometer.  Table  XXX  shows 
results  obtained  when  this  method  of  transference  is  used  com¬ 
pared  to  values  obtained  with  the  static  stored  gel  (25).  This 
indicates  that  a  slightly  higher  result  is  obtained  when  the  gel 
is  undisturbed  between  storage  and  measurement  in  tne  mobilometer 
by  the  method  described  in  Directive  No.  201. 

J^le_XXX.__ 

Effect  of  Gel  Transfer  _on  jlj.8  hour  Viscosity  ( 2 £ ) . 

(Directive  No.  201  Method) 

_ Gardner  Viscosities 

Sample _A  Sample _B  Average 

Static  Gel  75O  grams  6y0  grams  710 

Transferred  Gel  660  66 0  660 
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Table  XXIX 

Uniformity  of  Gels  ^5) 


Open  _Y.essel_Mixing,  Technique  Tumbling  Technique 
Gardner  Gardner 

Ylscosit^  Vis  j^Deviation  Viscosity  Vis  .Deviation 
Sample  Tog  Bottom  Test  "Average  ~  Top  'BdlstTom  Test  "Average  ~ 


grams 


Type  B  Napalm 


Test  1  a. 775 

770 

5 

b.775 

765 

10 

7*5 

Test  2  a. 760 

720 

4° 

b.715 

780 

65 

52.5 

Test  3  a.740 

800 

60 

b.775 

740 

65 

62.5 

Average  757 

763 

Type  A  Napalm 

TesFT~a7HrG~ 

655 

155 

b .  92  0 

710 

110 

132.5 

Test  2  a. 805 

715 

90 

b.820 

745 

75 

82.5 

Test  3  a. 775 

710 

65 

b.780 

730 

50 

57*5 

Average  802 

711 

Tumbling 

g  2  hour 

_Mash 

Type  B  Napalm 

TesfTT  a. '"775  795 

20 

b.775 

775 

0 

10 

Test  2  a. 735 

735 

0 

b.775 

775 

0 

0 

Test  3  a. 775 

785 

10 

b,7o5 

760 

5 

7*5 

Average  767 

771 

Type  A  Napalm 

Tes£'r~a:76tf-  775 

15 

6*745 

745 

0 

7*5 

Test  2  a.740 

765 

25 

8*745 

750 

5 

15.0 

Test  3  a. 73O 

740 

10 

b.720 

740 

20 

15.0 

Average  740 

753 

grams 


810 

795 

15 

750 

5 

45 

30 

740 

800 

60 

720 

730 

10 

35 

735 

740 

5 

775 

755 

20 

12,5 

755 

769 

730 

770 

40 

725 

760 

35 

37*5 

750 

730 

20 

- 

730 

-- 

20.0 

7^0 

775 

55 

730 

730 

0 

27*5 

731 

749 

Tumbling  24 

Hour  Mash 

760 

785 

25 

810 

780 

30 

27.5 

775 

755 

20 

730 

745 

15 

17*5 

725 

765 

40 

765 

780 

15 

27*5 

761 

768 

680 

755 

75 

750 

755 

5 

40 

72  5 

725 

0 

£95 

750 

55 

27.5 

710 

730 

20 

740 

740 

0 

10.0 

717 

743 

3*  The  Gardner  Mobilometer  and ^Directive  No.  201.  Owing 
to  the  unusual'nature ~oF'£Ee  'aluminum  "so’ap  'gels 'discrepancies 
were  early  found  when  measurements  on  the  Gardner  Mobilometer 
were  made  by  two  different  individuals.  This  raised  considerable 
discussion  as  to  the  best  method  of  running  the  instrument  and  a 
great  amount  of  work  has  been  done  (^8)  It  would  seem  unnecessary 
to  detail  this,  but  the  main  conclusions  can  be  summarized.  Pro¬ 
viding  the  gel  is  worked  once  w^.en  it  has  been  allowed  to  stand 
undisturbed  for  some  time,  furtner  working  oilers  no  advantage 
and  in  some  cases  may  lead  to  the  introduction  of  air  into  the 
mobilometer.  Among  the  many  gels  investigated,  some  appear  to 
increase  in  viscosity  and  some  to  decrease  on  vigorous  working. 
Short,  or  concentrated  (10%  or  over)  gels  appear  to  increase  in 
viscosity  greatly  on  working.  The  latter  become  cut  into  small 
jelly-like  particles,  which  do  not  coalesce  again  except  on  long 
standing. 

Evaporation  is  not  a  serious  error,  but  does  occur  to  some 
extent  durine  running  of  Gardner  viscosities.  Temperature  of 
determination  has  a  small  efiect  as  illustrated  ty  the  following 
table. 


TableJCXXI 

Effect  of  Temperature  of  Determination  on  Gardner  Viscosity ( 3) 


(8%  Napalm  Gel) 

Time  of  Fall  (sec.) 


Weight 

58-60 °F. 

70°r1 

30°P._ 

850 

— 

4.2 

-  - 

800 

I3.8 

9.6 

10.6 

750 

I9.4 

17.0 

14.8 

700 

29.2 

21.6 

22.0 

650 

67.O 

37-0 

27.6 

600 

550 

108 

I87 

57 

99 

500 

-- 

136 

130 

450 

—  - 

—  - 

191 

i stency 

600 

540 

515 

points  covered  briefly  above 

were  considered  at  great 

.  preparing 

Directive  No.  201 

and  its 

modification  2OIA 

Consequently,  it  is  believed  that  if  the  directions  given  in  <£01 A 
are  followed,  no  difiiculty  in  securing  reproducible  results 
should  be  experienced. 
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If..  Effect  of  Storage  Containers_on  Consistency  Results.  In 
the  early  Jays  "of  ~fhe"*Naparrii 'program  ~5ef ore “tEe  ~150CF.'  'acceler¬ 
ated  test  had  been  devised,  storage  of  the  gels  after  preparation 
was  usually  done  in  glass  Mason  jars.  tilth  good  soaps,  there  was 
considerable  indication  that  this  storage  in  glass  was  equivalent 
to  storage  either  in  steel  or  glass  jars  containing  steel.  With 
the  introduction  of  the  I5O0  P.  test,  the  glass  jars,  while  usable, 
became  of  somewhat  doubtful  safety  and  many  laboratories  commenced 
to  use  steel  or  brass  tubes.  It  was  later  shown  that  brass  tubes 
were  liable  to  give  erratic  results,  particularly  in  presence  of 
small  amounts  of  moisture.  Thus,  a  piece  of  polished  brass  placed 
in  the  gel  will  begin  to  show  a  green  color,  which  slowly  spreads 
out  into  the  gel  itself.  Table  XXXII  below  shows  results  on  a 
number  of  different  storage  containers.  It  will  be  seen  that  brass 
gives  lower  values  than  either  steel  or  glass  and  that  a  similar 
result  can  be  obtained  by  adding  0.01%  of  copper  as  copper  nsph- 
thanate.  It  must  be  concluded  that  (1)  brass  tubes  are  unsuitable 
either  for  the  43  hour  or  I5O0  storage  test,  (2)  glass  and  iron 
are  very  similar  in  their  action  on  the  gel  when  used  as  storage 
containers . 


Table_XXXII 

Effect  of  Storage  _C ont a ine r s  on  Gel _Viscosity^5) 

48  Hr.  Gardner  Viscosity  24  Hrs.  I500  P. 

*  Gardner  Viscosity 

forage  Test  Sample  A  Sample  B  Av.  Sample  A  Sample  B  Av. 


48  hrs. 

1 

800 

805 

G1  as  s 

2 

320 

780 

48  hrs. 

1 

900 

835 

Brass  (screw, 
plug  &  gasket ) 

2 

820 

870 

48  hrs. 

1 

865 

860 

Brass  (collodion 
and  cap ) 

2 

880 

870 

48  hrs. 

1 

845 

865 

Steel  (plug  and 
gasket ) 

c 

840 

8^0 

48  hrs. 

1 

780 

Glass  (  plus 
0.01%  iron) 

2 

Mo 

830 

43  hr  s . 

1 

820 

840 

Glass  (plus 

0.01%  copper) 

2 

745 

755 

48  hrs. 

1 

820 

820 

Glass  (plus 
0.125%  iron) 

2 

880 

880 

48  hrs. 

1 

775 

810 

Glass  (plus 
0.125%  copper) 

2 

755 

760 

803 

7*5 

78O 

788 

800 

770 

820 

795 

685 

605 

690 

845 

720 

74o 

750 

865 

665 

685 

675 

875 

720 

710 

715 

§55 

775 

795 

785 

850 

810 

760 

785 

7§5 

800 

780 

790 

880 

790 

790 

790 

850 

710 

660 

685 

750 

620 

620 

620 

820 

610 

645 

628 

830 

690 

675 

685 

795 

625 

695 

660 

758 

670 

800 

755 
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Table  __XXXIII_ 

Effect  of  Storage  Bef ore  Specific at i on  Test s _ (2 3 ) L _ 

48  hr s ,  77°  P.  24  nrs.  I5O0  F. 

Storage  Gardner  Viscosity  .Gardner _Vi scosity_. 


48  hours 

in 

Glass 

800, 

320 

m. 

770 

805, 

780 

780, 

820 

24  hours 

in 

Glass 

800, 

800 

7^0, 

3  00 

Lost, 

860 

L.jst , 

7  50 

2  hours 

in 

Glass 

855* 

810 

760, 

755 

Lost , 

850 

Lost  9 

810 

6.  Reproducibility  of  Consistency  Test.  Results  below 
(Table  XXXIV )  obtained  f ran  three  different;  laborat  .ries  (46,  33> 
45)  indicate  that  with  good  technique  no  difficulty  snould  be  ex¬ 
perienced  in  reproducing  readings  on  tne  sane  soap.  In  studying 
the  same  soap  in  two  different  laboratories,  perhaps  the  greatest 
difficulty,  now  that  the  different  Gardner  liobil  ometers  have  been 
standardized  at  Edgewood,  lies  in  the  standard  test  gasoline 
employed.  Although  every  effort  is  made  to  make  this  reproducible, 
it  may  be  possible,  due  to  this  cause,  to  obtain  differences  of 
50  to  100  grains  in  consistency  measurements. 
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Table _XXXIV 

Reproducibility  of  Specif ication_Consist ency _Tests 


A.  Consecutive  Gels  Prepared  from  Harmon  433955^  using  S.O.D. 
Test  Gasoline  (Pyrotechnics  Division,  Edge wood  Arsenal). 
Moisture  content  0.6%  Benzol  Distillation  0.55^  Vacuum 
Oven.  Stored  in  steel. 


Run  No.  Compounding 

Temp^  R.H.__  l_hr  .__1^0°P, 


Consistency  After 

_24  _hr  s.  _150^P.  43_hrs.__77°F. 


1 

76°  F. 

71% 

650, 

680 

600 , 

590 

2 

75 

77 

640, 

650 

550, 

560 

3 

76 

70 

670, 

660 

580, 

560 

4 

75 

78 

650, 

66© 

530, 

580 

5 

77 

67 

63o, 

680 

570, 

550 

6 

77 

67 

660 , 

690 

570, 

600 

7 

75 

77 

§7°. 

680 

590, 

580 

y 

75 

78 

680, 

660 

560, 

550 

9 

77 

§3 

630, 

§5° 

550, 

540 

10 

77 

81 

670, 

640 

550, 

550 

590,  6io 
6oo,  6oo 
6io,  590 
6io,  6io 
590,  630 
620,  610 
590,  610 
570,  590 
600,  560 
600,  580 


B.  Consecutive  Gels  Prepared  Using  Standard  Oil  Development 
Test  Gasoline  (Eastman  Kodak  Co.).  Stored  in  steel. 


Harmon _83955l? 

Run  No.  ^4_hrs1130®F. 


Ferro  Batch_£22 
Run  No.  S4  hrs.!30°F. 


660 

640 

620 

63O 

610 

650 


1 

2 

5 

4 

5 


45° 

480 

490 

500 

480 

46o 


C.  Consecutive  Gels  Prepared  by  the  Tumbling  Technique* 
Stored  in  glass . (Nuodex ) . 


Type  _A 


Type_  _B 


Sample 


43  Hour  150°F 

Viscosity  Viscosity 


48  Hour  150°F 
Viscosity  VI sc o si ty 


1 

2 


l 

5 


740 

760 


565 

555 

54o 

530 

560 

575 


820  630 

790  595 
810  600 
820  580 
340  630 
785  570 
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DET:j:\IK/.IIC8  OF  T.'ii  CCR3I5TEBCT  OP  IHCEMDIAFf  3113 


i.  oiroixu. 

TH»  puruoio  of  this  dlreotlTt  la  to  describe  method*  for  tea  dotimlna- 
tlan  of  tho  ooaalstonoy  of  loooadlary  oil*.  Sootlon  II  of  thlo  dlrtotlrt 
ootoro  tho  Oordnnr  nobllonotsc  xothed  «hloh  will  bo  used  for  oil  lneondlery 
olio  of  tho  Sapel*  typo,  Sootian  III  severs  tho  parallel  plot#  nothol  nhloh 
will  bo  uiad  for  loooadSary  olla,  oontelnlog  lMtbjtjflKbooijUbi  polytiorr 
and  aodlua  oalta  of  fatty  soldo,  ouoh  aa  Insandlary  Oil,  lb,  type  III. 
(C.K.S.  dpaatfl oatloa  Ic.  196-lJl»lJ*5)<. 

ii.  oacdeer  tsotiiuMC.m  inmco. 


A.  Paoorlptloa  of  r*>  laatniaant. 

1.  Tho  aoblloaatar  la  vldaly  mod  In  testing  laboratories  add  oon 
V#  Burotiiii  frtsn  moat  laboratory  (apply  houooo#  (Soo  Hotn,  Parasraob  D#  IX 
tho  nobllMotar  oonalata  of  a  to*,  4-holo  dloo,  plunpir  rod,  wolght  pan  and 
bearing,  noontad  «  a  ati table  base  and  support.  Tl>»  pertinent  dimension* 
of  tho  standard  lnatmaant  aro  aa  follom 


Mgjrtgjl  of  Standard  Oordnor 
MobllosT&r  at  Udeawood  Araonal,  Barylaae. 


Intonal  dlaaotar  of  tuba 
Disaster  of  dlaa 
XhlokMaa  of  dlao 
Dlaaotar  of  holso  In  dlao 
Dlaaotar  of  pluager  rod 
Dlaaatar  of  bearing  opening 


1.5J5  lnoboo 
1.505  lnehoo 
3/^2  Inch 
0.250  Inah 

J/U  lnoh 
17/6U  inah 


2,  Cotar.  Bo  tuba  oorir  la  ouppllad  with  tha  Instrument  for  tho 
purpoae  of  b»  aping  tho  labo  ooTorod  during  tho  teat.  Iicweter,  o  oult:iblo 
uotor  oholl  ho  node  of  cardboard,  shoot  natal,  or  thin  wood  and  obeli  bo 
Itrrs  enough  to  oarer  too  open  sad  of  tho  tube  oo^ lately.  Tho  ooror  oholl 
hare  a  aantral  opening  largo  enough  to  permit  eeay  paasep  of  tho  Dollar  on 
tha  dlao. 


3,  Storage  taboo.  Tubes  for  storage  of  tblotaanod  fuel  shall  ba 
— a.  of  .tool.  1  Sho  iatafri*l  dlanatar  shall  ba  apprcnlnetoly  tha  oow  alio 
or  slightly  lor  gar  than  tha  asternal  dlanatar  of  tho  ncbllssatsr  bibej  used 
for  tooting.  Tho  lonfth  of  tha  tube  oralloblo  for  storage  a '.all  bi  aiproal- 
natoly  10  lnohos  and  tha  tube  ahall  ba  flllad  to  giro  o  Told  of  10  +  a  parson  j. 
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The  ator.ge  tubas  shall  ba  oappad  at  both  endn  with  rcaovable  oteel  oape. 
o&pable  of  wlthataadlng  a  pressure  of  55  p»e»lo  flcsteto  of  materials  nh5,eh 
do  not  affaot  the  incendiary  oil  ir*y  ba  utad  (Saa  Fofca.  Parogmpb  r.  2), 

Bi  Determination  of  ocnalatanoy* 

1(  In  tho  datomS  cation  of  tlia  ocnaistenoy  c  f  Fapal®  inoandlary 
oil.  tha  foil an in g  da tail a (  given  In  tha  order  of  their  parforaanoa.  ahould 
raoaiva  particular  attentions 

a.  Pill  tha  tuba* 

b,  Aaaaebla  tha  siobilcaataro 

a.  Hate  5  working  strokes  when  mnsurinfj  gels  containing 
laaa  than  9  paroant  Napalm  thickener,  Taka  loao  than  1  ninuta  to  aoaoxplieh 
tha  5  otrotase.  For  gala  oontaining  9  paroant  or  aero  of  tha  Hapaln  thickener, 
naloo  only  ons  working  stroke,- 

d?  Naha  tha  first  run.  uelng  a  total  wrSght  of  50  grant  in 
)xooaa  of  tlia  spa  o  if  led  upper  limit  of  ooncis 

a.  R*duc»  th*  load  by  50  graro  oaeh  rjooceding  run 
(axoapt  aa  In  Paragraph  3.  1.  f )» 

f ,  Continue  thla  prooass  until  tho  time  of  fall  exootda  100 
oaoondo*  If  tho  tiro  in  Paragraph  nv  1,  d  exoaeda  100  saconda.  inoraaco  tha 
load  by  inorenenta  of  50  grano  until  a  tine  al*  fall  of  hit  than  100  eaoonda 
ia  obtalnado 


2*  A  briaf  ouxxary  of  tha  oonditioan  standard  for  oil  runs  undo 
in  datoraining  consistency  io  as  followai 

a.  Start  tha  oonplste  etrokn  ni.4»  tlia  letter  mark  on  tha 
plungar  1  ♦  inch  abort  the  bearings- 

b„  Allow  tha  loadsd  plungar  ausfnkly  to  deeoend  until  the 
upper  marl:  passes  tha  u poor  eurfaoa  of  the  barring*  Vlthla  10  sooenda 
thereafter,  remove  the  weights;  push  tha  diao  down  to  the  bottom  of  tho 
tube,  and  withdraw  tho  diae  until  the  lower  auri  on  tha  plungar  rod  io 
1  t  X/k  inoh  above  tha  bearing,  wiping  the  rou  on  tha  up ot rotas »  This  pro* 
WSure  io  to  bo  uaod  for  grlc  oontaining  lea?  than  9  paroant  Napaia.  For 
gola  oontaining  9  nrreant  or  more  Hapaln,  allrw  tha  leaded  plunger  eeesrctoly 
to  deeoend  until  bito  upper  asrk  pa  sees  the  uppor  surfroc  of  the  bearing. 

Vi thin  10  seoondo  thereafter,  ranova  tha  neiglto,  push  the  diao  dawn  until 
it  touch  is  the  bottom  of  tha  tube,  than  wlthdiwr  tha  diao  until  it  ■  trike* 
the  tuba  oover,  wiping  t’w  rod  on  the  up  strobe  and  finally  push  tho 
plunger  town  until  the  lower  nark  is  1  ♦  \/k  :  noh  aboio  tho  hearing. 
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o*  The  tine  between  runt  shell  be  60  ♦  10  soooede • 

d*  During  the  determination,  ant*  for  at  least  2  heart  prior 
ttoreto,  the  ter^ratare  of  the  gel  shall  be  77  ♦  8*F* 

9*  Detailed  In abruptions.  Tlio  instructions  outlined  above  are 
detailed  at  foil  oars  i 

a«  Filling  the  aoblloostcr  tube,  Khen  the  oonslsteney  of 
an  incendiary  oil  It  'to  be  asasurod,  the  canpit  should  be  transferred  fron 
the  storage  tube  to  tho  nobiloaoter  tube  at  the  tins  of  tost.  If  the 
taoblloneter  tube  trill  fit  into  the  storage  tube,  transfer  the  oil  as  follovtt 
Retaoee  one  cap  of  tho  storage  tube  and  insert  the  laobllonster  tube,  without 
oep  or  baas,  into  tho  storage  tube,  base  cod  first*  Pjish  doen  until  tho 
base  of  tho  nobllonetsr  tube  has  reaohsd  the  loser  oep  of  the  storage  tube*. 
Honors  the  regaining  oap  of  the  storage  tube  end  seres  the  bp.ee  of  tho 
nobiloneter  tubs  into  plaoe*  Withdraw  t2ic  nob  11  one  tor  tube  oontaining  the 
thickened  fuel  staple  and  oap  until  the  oonslstenoy  denomination  is  node. 

To  return  tho  staple  to  tho  storage  tubs,  sores  one  oep 
of  the  tube  loosely  into  place,  so  that  tha  passage  of  air  is  freely  per¬ 
mitted*  Reno*#  the  baso  of  the  nobiloneter  tube  oontaining  the  staple  and 
insert  the  loser  end  or  the  nobiloneter  tube  a  short  dletanee  into  tho  open 
ond  of  tho  storage  tabs*  Dy  Beans  of  a  solid  dlsa  on  a  rod,  o lowly  push  tho 
saaplo  fron  tho  nobiloaoter  tubs  into  the  storage  tube.  After  the  transfer 
cf  the  sample  is  effeobed,  sores  the  remaining  storage  tub#  cap  into  plaoo 
rrd  scoarely  tighten  both  oops* 

If  tho  dlomter  of  the  storage  tube  is  approximately 
the  sons  as  that  of  tho  nobiloneter  tubo,  the  sample  may  bo  transferred 
in  a  slailar  manner,  except  that  the  tube  free  vhloh  the  gel  is  renovef 
is  held  tightly  over  tlio  receiving  tube  while  tl'.e  sanple  is  extruded  with 
a  dlse  on  a  plunger*  the  base  of  tho  rooeiving  tube  should  be  loosely 
fastened  until  transfer  la  ample  te,  to  pemit  esoapo  of  air*  Caro  oust 
be  token  not  to  entrap  air  in  the  bass  of  the  acbilonsbor  tube* 

4ay  convenient  aathod  of  transfer  of  the  sanple  fron  tho 
storage  to  tho  aiobilocster  tube  nay  be  used,  provided  that  tha  exposure  ef 
the  sanple  to  evaporation  is  no  greater  than  that  in  t'is  prooedurt s 
described  above* 


The  nobiloneter  tube  shall  be  filled  with  the  thieksned 
fhel  sample  to  a  depth  of  not  more  than  l/2  inch  bales  tha  top  of  tlio  tube** 

b»  Assembly  of  the  aobllcastor*  Upon  receipt  of  tho  mobile 
crater,  the  plunger  ro^wbculd  W  so  rosed  f’irely  into  plooc  In  tho  four.* 
hole  disc  and  thereafter  left  in  plaoe*  To  assemble  the  ncbilcnoter  for 
testing  coneiotenoy,  pace  tl\e  plunger  rod  through  the  oover  and  the  bearing,, 
ettaoh  the  weight  pan,  er.d  fasten  the  bearing  support  to  the  nobiloaoter 
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tub*.  Cltap  the  bitrlii  support  to  the  abblleaster  tubs  «t  ouoh  o  hslgat 
that  tl.o  Has  Is  1  to  1-1/?  looted  abet*  tbo  bottca  oi  ths  tube  whon  tha 
nppor  nark  on  ths  plunger  rod  is  at  the  bearing. 

a.  iSgjjgt  fores  ths  plungor  den  naturally  until  the 

dlss  toushss  ths  bottca  or  ths  tubs,  thss  withdrew  act  11  ths  lawsr  cork  on 
ths  rod  lilt  1/U  Inch  shot*  t'rs  bearing.  this  procedure  shall  require  not 
hots  than  10  ssoonda.  During  tlis  up  strobe,  hold  a  plsoe  of  absorbent 
•loth  or  paper  around  ths  plunger  rod  to  prevent  Nspoln  oil  fren  being 
carried  lata  ths  bearing.  Ths  pre sense  of  dried  Rate rial  on  the  rod,  bearing, 
lover,  diva  or  holes  In  dlss  will  land  to  error  in  wesureaent.  Ths  shots 
preeeduro  sliall  epply  to  tho  totting  of  gals  containing  laaa  than  9  pnroant 
Nap  ala  thlakraar.  For  gala  containing  9  parent  Dspsla  or  noro,  uao  a  otnllar 
prooadura.  but  foroo  tha  plunger  don  annually  until  the  dlso  a  trikes  ths 
bottca  of  tho  tubs,  then  drear  It  up  until  It  ntrlkso  tha  tubs  ootor,  end 
finally  foros  dam  until  ths  laser  nark  an  the  rad  lilt  1/U  lush  abort  ths 
bearing. 


d.  Waking  tha  daterelnatlsn.  Dctoralae  ths  oanalstenay  of 
Jnpala  oil  at  fdloiii 

'1)  Hash  typo  of  Pepsin  ell  has  a  apsalflsd  eonalstanay 
rang*  sap  raised  in  grans.  In  ths  first  run  In  any  determination.  nsa  a 
total  wol^it,  oonaletlng  of  tho  tun  of  tho  weight#  of  tho  dlso,  plnagor, 
and  nigh'*  pan  pins  addad  Mights,  of  SO  granc  In  sxoesa  of  tho  upper  llnlt 
of  aonalotoney  apaalflod  far  tha  typo  of  Papain  oil  under  teat. 

',2 )  After  working  tha  aacpla.  grasp  ths  plunger  rod  st 
ths  bearing  and  plaes  ths  required  weight  on  tin  pen..  The  internal  bstassn 
ths  and  o'  tho  working  stroke  sad  tho  -tart  of  tho  flrot  run  shall  be 
So  +  10  seconds.  Ths  weights  nay  be  placed  or.  ths  rralgrt  pan  at  any  tins 
durTng  this  Inter-mi?  Ths  pissing  of  the  disc  no  that  the  laser  nark  on 
ths  plunp.r  Is  1  r  l/»  InSh  sbots  tho  btnrlsj  shall  be  considered  ns  ths 
<ind  of  the  working  stroke.  Start  tha  ran  by  tolaoslnr  tha  weighted  plunger 
astsdbly,  tliua  applying  tho  lead  to  the  oil.-. 

•’,})  *h«n  tho  run  Is  atirtad  tho  plurgor  nenstibly  Kotos 
domwaid  Start  ths  stop  watch  whan  ths  lower  Turk  or  tha  rod  passss  tha 
urpsr  cnrJnos  of  ths  bearing,  i.han  tho  uppsr  mrk  piusso  tha  uppor  surfeoo 
of  ths  herring,  r'wp  tho  wrteh.  Pone  TO  ths  weights  fien  tho  pan,  foroo  ths 
plunger  down  annually  until  ths  dlso  touehas  Him  batten  of  tho  tubs,  then 
withdraw  until  tha  lower  nark  on  tiic  rod  la  1  t  1/U  Itch  above  tho  bearing. 
Tip lag  the  ltd,  as  before,  on  tha  up strobe,  -n  ths  ocas  of  ells  oosta'alng 
9  percent  nr  osrs  Ifepsln  thlchsnsr  oarry  tho  dlso  upiord  until  lb  str.kee 
ths  tubs  ootnr,  (wiping  the  rod)  and  finally  (ova  until  tha  lower  nark  ot 
tha  rod  It  1  t  1/U  lnoh  nbote  tha  bearing.  Hot  noro  than  10  esoondo  shall 
clap  to  Maroon  stopping  ths  watch  and  placing  th»  pVirgtr  aissably  In  tho 
storting  position  (1  +  1/U  Inch  shots  ths  bear -ins),  record  ths  trtal  weight 
ussd  la  tin  run  end  tFs  olapsod  tins  shown  on  ths  stop  wntoh. 
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••  Consisting  tho  determination. 

(1)  Hold  the  red  at  the  bearing,  end  piece  a  valgit* 

30  grans  leac  then  that  used  in  the  first  run  (exceptions  ace  ParaGraph 
B,  1,  f),  on  the  weight  pan  Seises#  the  weighted  plunger  aescably  60  ♦  10 
seeends  after  ecapletloa  of  the  first  run*  Then  f inisSi  the  run  by  porfornlng 
nil  the  operations  prescribed  above  (See  Paragraph  B,  1,  f  )• 

f«  Reporting  results*  The  too  sueoe'tsito  loads.  In  grans* 
giving  tines  of  fall  less  and  wore  than  100  sooonds  reopeotively.,  shall  be 
noted*  The  loed  required  to  glee  a  tine  of  foil  of  103  aeoonde  shall  ba 
obtained  froa  the  too  loads  so  noted  by  linear  interpolation*  Thle  figure, 
oorreeted  by  the  proper  oorreetlon  faster  for  the  tube  and  lnetrunent  used 
and  reported  to  the  next  higher  10  grans,  shall  be  oensldered  the  consistency 
of  the  aateriel  under  teat*  (Thus,  6O5  grans  shall  be  reported  as  810  cron mh 

C*  standardisation  of  the  instrument* 

1*  Each  noblloeaetor  which  Is  to  be  used  for  testing  Pepsin  oils 
lust  be  standardised  to  oorroot  for  dimensional  variations*  Although  snse 
ttch  ileus  tore  are  fturnlshsd  with  a  standard  liquid  for  jtandardlsetlon  purposes* 
all  nob&loaatsre  intended  for  use  on  IScpola  ells  saxat  be  standardised  using 
a  S spalm  oil* 

2*  For  the  purpose  of  offlelel  testing  of  the  oonsletsney  of 
l’apaln  oils*  a  nbbilonster,  located  at  the  Chcnical  «>a?fare  Ssrvioe  Teohnleal 
Coras*,  has  baen  designated  as  the  prlnary  standard  iistrusnat .  Bash 
laboratory  engpgsd  in  the  dets ruination  of  tlio  oonslotinoy  of  Eepeln  oila 
shall  forward  one  ooqplsts  nobiloowtsr  to  "Ccasandlng  lensral,  Chealoal 
? arfare  Service  Technical  Cassatnd*  Rdgewood  /.rcsnal,  dryland f  Attanticm 
Chief,  Chenleal  Research  Division",  for  ooaparisc®  with  the  primary  standard 
snh  lions  ter  using  Kapeln  oils*  The  Instrument  trill  be  stepped  and  rstumsii 
to  ths  sender  with  a  oorraotioa.  This  instrument  will  be  used  ae  a  seoondary 
standard  against  whioh  all  combinations  of  nobiloicetsr  tubes  end  t  lee^plungor* 
bearing  aaeesbiies  shall  be  oovpared*  Proper  corrections  shall  be  given  jo 
the  several  oaablcationa  of  tube  and  lnetrunent* 

3,  (,  alibratloa  of  abblloanters  using  ccoond*«*y  standard; 

Conparisons  bslreen  a  icohiioaotsr  Vo  o»  oalihrat^d  And  a  oeecndary  standard 
sltall  bs  ends  as  follevot  Prepare  teaploe  of  incendiary  oils,  containing 
various  pereentagoo  of  Bopaln  thiofesner  In  gasoline*  aaoerding  to  ths 
prooedurs  given  in  C.17.3*  Spcolfloatlon  Ho*  15^151 -10/o  store  the  eaaplo 
oil  in  a  eteel  stores*  tube  for  2k  boure  at  150  4  2°1\ ,  then  plaoo  the 
otorags  tube  in  a  water  bath*  at  77  ♦  E°F.*  fer  At  least  2  heuro*  Transfer 
tha  sareple  iron  tho  storage  tube  to  She  tube  cf  the  nobilcucter  to  bo  cali¬ 
brated  end  Treasure  the  oonsistenoy,  at  77  ♦  8  P*»  as  prsssrlbsd  in 
Paragraph  B*  5*  Then  transfer  ths  saspls  To  the  secondary  standard  Instroent 
and  nsasurs  tho  oonsistenoy*  Ascertain  the  deviation  between  the  oonsistenoy 


(978  Directive  Ic«.  201A 


RESTRICTED 


RESTRICTED 


stained  In  ths  mobll*xMtsr  to  ti«  oallbraV&l  and  ths  nonslstuio"  obtains*5  in 
the  secondary  standard  (Gao  Paragraph  Gc  It),  Ibis  ootplstss  on*  oat  of 
measurements*  Rspsst  tha  oat  of  measurements,  using  n  eaoond  sample  of  oil 
similarly  prepared,  but  transfer  ths  sanpls  first  to  **•  sscond*  ry  standard 
for  moasurement  and  finally  to  ths  tubs  of  ths  lnatrurient  to  bs  calibrated* 
Asesrtain  ©is  deviation  between  ths  measurements  of  tills  sot  as  faafors. 
bales  not  lass  than  two  sstn  of  measurements  on  each  of  too  samples  of  oils 
having  oonslstsnoioo  of  about  $00  gro&a*  Rspsat  using  ocurploo  of  oils  hairing 
oonalstsnoiss  of  about  6&0  grams  and  ajain  with  oils  of  about  800  gpeno  ocn 
slatenoy*  A  total  of  not  less  than  12  sots  of  tvo  noamiraaenta  oaeh  will 
bs  oadso 


U»  Calculation  of  oorrsotlon.  In  Hiking  msesuremsnts  for  oell* 
b ration  purposes,  inf.^oia^e  ths  oonsTstsney  to  tho  t sorest  gran  rathor  thaa 
to  ths  nsmt  higher  10  gram?  as  specified  in  Paragraph  0,  3*  *•  Calouleto  tho 
.aeon  of  ths  devlatlonc  obeirvad  betsssn  ths  trro  masursaents  in  eaoh  setr 
Ssjist  any  deviation  rhich  differs  by  tsore  than  2$  grena  from  ths  aw  an  value,, 
Xf  mors  than  two  deviations  are  rojsoted,  run  addltloiml  determinations  and 
rsoaloulato  ths  swan  until  at  least  10  deviations  nr  a  obtained,  all  of  shieh 
are  within  2$  grams  of  their  nsan»  Round  off  ths  mean  to  ths  noarsr  10  grans* 
From  ths  correction  factor  ef  ©is  esoondary  standard  end  tl.s  moan  deviation* 
ssloulats  and  reoord  ths  oorrootios  factor  of  ths  mobllomsttr  being  tested* 

So  mobilcaster  with  a  oorrsotlon  faotor  grsator  than  <•  $0  grams  s'  all  bs  ussd 
to  tost  ths  oonsistsncy  of  inosndlary  olio* 


D«  Botsso 

1*  Mdbilocatsrs  obtaissd  from  tho  Hcrary  A*  Oardnsr  Laboratories,, 
Tno*j  Bethosda*  Maryland,  law  been  found  to  Vs  very  ifttisfaotory<> 


2*  A  non-ssslling,  non-entraotabls  rubber  ai.betltute  gasket 
material*  3/52  to  5/32  inch  thiok,  prooured  fi’orx  Hydr<»Chsaloal  Co,, 
33$  S,  Main  3t. .  Akron,  Ohio*  bos  boon  found  to  bo  soils faotory* 

ZZZV  PARAbLBL  PLATS  UaTHOD, 


Ac  Description  of  tha  instraaonto 


1,  Avo  plcioos  of  plats  glass  are  required,  about  9  by  9  inohso 
and  l/-*  lnoh  thick*  Jt  is  oouveniont  to  plaoo  tho  plates  in  an  open«tcp 
shallow  wooden  beat  or  trey* 


2*  The  top  piece  of*  glass,  suitably  narked.  io  wolfed  and  a 
wight  pr* pared  suoh  that  tho  total  weight  of  tha  5l0.ee  and  ths  weight  is 
200C  rrsnn*  It  in  eonwnlanfc  to  note®  this  weight  with  a  oirnular  '>ase„ 
$,0  an*  in  disnotorc 
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).  A  oirole  is  warkod  oa  tho  under  aids  of  the  bottom  piooe  of 
glees*  using  a  diameter  of  5*0  oa.  The  cdnter  of  the  aircle  shall  be  at  the 
center  of  the  glass  plate,  four  straight  linee  are  drain  through  tho  oenter 
of  the  oirole  in  euoh  a  manner  as  to  divide  the  oirole  into  6  equal  seetoro 

of  1*5°. 


li*  For  oo<.venlenoe*  a  plug  syringe,  similar  to  that  shown  on 
C.VT.S.  Drawing  So.  A16-60-21,  is  rcoommended. 


3.  Determination  of  ooneietenoy. 

1.  Clean  both  plates  thoroughly*  removing  any  inoendiary  oil 
from  previous  teste  by  rubbing  with  bensone  and  drying. 


2, 

wooden  box  and 


Set  the  bottom  piste*  with  rmr'dnge  on  the  under  side*  in  the 
plaoe  on  a  table  in  a  level  position. 


3*  Plaoe  5*0  +  0.1  ml.  of  the  Inoendiary  oil  to  be  tested  in  the 
oenter  of  the  oirole  marked  on  the  bottom  plate.  Thie  may  be  convenient ly 
aooomplished  by  naans  of  tho  plug  syringe  (C.VT.S.  Drawing  Ko.  A18-6C-21). 


U.  Plaoe  the  rear  edge  of  the  top  Flat*  obove  the  renr  edge  of 
the  bottom  plate.  Lower  the  top  plate  on  the  incendiary  oil  smoothly*  then 
plaoe  the  prepared  weight  gently  on  the  top  plate*  directly  above  the  oirole 
oa  the  bottom  plate. 


5.  Mien  the  gol  hae  a  proud  to  a  oirole  of  3  on.  diameter  (up  to 
the  oirole  nark)*  start  the  atop  watoh. 


o.  Beginning  33  seconds  after  the  stop  satoh  is  started*  make 
6  light  marks*  as  with  India  ink,  f on  the  top  plato*  marking  the  edge  of 
the  oirole  of  inoendiary  oil  at  points  on  the  radial  lints  dravm  on  the 
bottom  plate.  These  markings  must  bo  cade  in  oloolevrlso  or  oounterolookwise 
order  and  must  be  completed  63  seconds  after  the  stop  watch  was  started. 
Remove  the  weight  from  tho  top  plate. 

7«  Koaeura  the  dietanoe,  in  oentlnotors*  between  the  two  marks 
*  located  on  oeeh  of  the  U  inches  drawn  through  ’she  center  of  the  oirole. 


C.  He  porting  results. 

1.  Average  tho  U  diair.etora  meaeurod  in  Z1X*  B*  7  above. 

2.  The  ooneietenoy  of  the  inoendiary  oil  shall  bo  reported  as  the 
average  diameter*  in  eentlneters*  of  the  oirole  formed  b\  the  oil  when  tested 
as  prose  rib*  d  in  111*  3,  above. 
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MMLS  TE1CESBE* 

A.  APPLICABLE  SPEClf  ICATlfBB. 

•A-l.  The  Is  tool  Issos  of  the  following  apoolfloatlors  and  olrootlvo. 
In  offont  on  data  of  invitation  for  bids,  ahull  font  s  part  of 
this  opeolfleetlcai 


•A- la.  Oovornaontal  publication!. 


A-lb. 


o 


B. 


TTFr. . 


•  3-1. 


SI *700 1  Standard.  Tooting  -  Federal  Specification  Bo  .  RK-e-Jbo. 

Ocooline.  last  (For  Bapaln  Thickener)  -  C.'i.S.  gposlflcatlon 
Bo.  1S6-131-20&. 

To  no  Plato  (Lorn  l'ernes)  -  Fe’nral  Specification  Bo.  QQ-T-191. 

i  ray-Savy  General  Spoolfloatlsa  for  feokaging  and  ranking  far 
Ovorseas  Shipment  -  0.  B.  Arty  BpoolftoetloC  No.  100-11* . 

Marking.  Cutaldo  Shipping  Ocntalnoro  -  Qeaaril  Bpoolflaatlon  - 
C.S..S.  8poolfi«tlon  Jo.  197-5U-J29. 

Stain.  Bator  Solublo  -  Ordnonoo  Dooartront  Spoolfiootlon  Bo.  4X3-043- 

Stain.  Oil  Typo  -  Ordranno  bepartawnt  Spoalfleatlon  No.  AXS-683- 

Oonaial  Spoolflontlon,  Protective  Coating  ifetorialxi  iynthotio  Typo  - 
^vartomotof  Ccrpa  Tentative  Spoolfloation  BCD  ES-Bo.  660. 

Ooto  rail  nation  of  Conaiotonoy  of  laoonilary  Olio  -  C.lf.S.  Dlrootiva 

Be.  201. 

Hon-Oowwaontol  poblloatlor.. 

Lattiod  of  Toot  fer  water  in  Petroleum  ?rodaoto  - 
A.S.T.L.  DoeJgrttioni  D9f-)*3. 


This  opoolfleotien  00 vara  oro  typo  of  tHic  zoning  agent  for  ueo  it 
tho  nanufaotun  of  flam  thrower  fuel  and  incendiary  oil  BP. 


flft.C  VVtr.'-t  Raid 
Micro  6-1  No. 


C.  SAItHttL  AFD  BCKIU4FSK1P. 

*0-1.  vat* rial.  Xbo  mat 0 rial  shall  ocnslst  of  0  osproolpitatod  mixture 

of  has  10  aluminum  aoo pc  of  fotty  asido  and  napkthonio  sold  (5oc 
hntgrapfc  D-l  aad  Botao,  Paragraph  H-l).  No  Napalm  thiokoeor,  oroe 
eubedtted  far  aoooptaneo  and  rojeoted  hy  tho  Chonioai  Warfare 
Sorrloo,  shall  bo  resubmitted  for  aooeptanoe.  nor  shall  it  bo  uood 
to  admix  with  aoooptablo  Napalm  thlokarnr  to  oak-»  a  mixture  or  oem- 
blmtlon  which  will  conform  with  tho  roqulroaenta  of  this  opoolfioation 


lad  Sir  25  Oot  1*3 
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i'ATL'RUL  AND  XOfiKKASSBXP  (CCEI*tf).  ‘  - - 

C -«?•  yiorkganahlp.  This  uatoriftl  shall  bo  ai&do  in  a  naunw  consistent 
trlfl ;.“£S'cT' it  nomorsiul  praotioo  }. n  tho  manufacture  of  rstalllc 
soap*. 

D.  GENERAL  REQUinEKEOTS. 

*D-1.  Coapoiiltlpn.  Tho  materiel  ahull  bo  a  b&nio  nluninusi  ooap  of 

nspH£hcnib,  oloir  and  ooconut  fatty  to*  da*  Tho  sodium  aoap  uneo 
for  tho  propara  t&oa  of  tin  aluminum  ooap  shall  contain  0*10  to 
0*15  percent  of  ftlpha-naphthol*  (See  Kotos ,  paragraph  H-l). 

E .  DETAIL  RhQU  IRKKEKTS . 

E-l  •  ghyalcal  and  ohe-.lo&l  roruiruments . 

1> la*  Appearance.  Tho  tAtei\uo}  shall  bo  granular* 

*L-Xb.  Sieve  aieo*  None  of  the  -jktsrial  shall  renaln  on  a  No*  o 

IHTST  standard  sieve  and  not  r»ro  than  25  peroont  shall  pats 
through  a  ho*  I4O  U*  S.  Standard  oloro* 

*7>lo*  1’oloture .  Tho  aatorlal  ‘hell  contain  not  moro  than  0*6  peroont  nor 
Ices'  than  oJi  peroont  inoititiare  when  tested  ao  preooribed  in 
Paragraph  F-6. 

£-2.  Pcrforcanoe* 

E-2a*  Gal  ehcraoteriotioa*  The  material,  whoa  nixed  with  test  gasoline 
in  tho  proportions  and  ir  aooordaziuo  with  ths  erthed  presorlbed 
in  F«7s,  shall  produce  a  gel  which  shall  have  tho  oharaotcrictios 
prescribed  in  Paiagraph  F-7b* 

•E-2b.  Ccnaiotenoy.  Tho  ooBcistonoy  of  tho  gel*  foraod  as  proscribed  in 

y» xa graph  v^o  (1 ) ,  and  tested  as  prescribed  in  Paragraph  1-7°*  ehall 
bo  not  lose  than  500  nor  store  than  600  grans  for  oaoh  of  the  3  tcet3. 

?.  IETKODS  0?  SAliPUl.G,  INSPECTION  AND  IKST. 

F-l*  She  materiel  and  work  oho  11  bo  subject  at  all  tiros  to  inspection 
at  the  place  of  r.&nufaatire»  and  ovory  facility  shall  be  afforded 
authorised  Government  inrpeotoro  for  tho  proeooution  of  their  work* 

F-2*  Lot  ciso*  Tho  else  of  a  lot  nhall  be  ao  epeoifioi  in  the  invitation 
for  Vibe* 

ep«*5*  Batob.  else. 

•F-3s*  Unit  batoh*  A  unit  batob  shall  oouslst  of  tho  quantity  of  aluminum 
soap  precipitated  in  one  reactor  at  one  tine*  Tho  batoh  eha?l  bo 
preoescod  ao  a  unit. 


39b-13l-107A 


••  2  • 

MESTfllCTUD 


FEWRICTE3 


I'itTlluOS  OV  8AMUGC,  IMFfCTIQh  .  HD  TEST  (COST'D). 

•F-Jb.  Plead ad  totoH.  If  patci  of  nioro  thin  cue  bat  oh  in  < allied  tc 

7ir«  4  blended  botai,  the  blended  botoh.  oaall  oonolt  •■.  of  tho 
quantity  oi  Kttrial  ciasd  la  tho  blender  ot  on*  tit;  . 


•F4». 


0 


Patellae.  Fas  loot  tl’jt;  P  oao-pond  KJtp'ot  oho.ll  ti  teton  fieri 
noth' BotVh  of  Fapola  thickener  far  toot  (get  note),  uicb  eunp]  > 
thill  bt  ploood  ladl.i'i  lly  la  o  tltw,  dry,  alr-ti/Jbt  ncntnirur, 
ooilcd  end  libeled  to  l*'.ure  the  identity  of  tho  omi.1i  with  tho 
ho  to!  toprooonttd.  Sm  cf  in  oai-poamd  ouxpleo  oho  to  rouoi  nd 
fir  til  to:tt  ether  thus  tho  perf arronco  tool*  j«w  Ib.d  to 
JbeefMp’.i  f-7.  Tho  eld: tv  ow-rcuod  ooailr  01  ooiqilt  oh&ll  ottt  i 
bo  avtalttcd  to  tho  par  f  rmraoc  note.  Mctoi  TJvi  uilfcro.lt;'  cf 
o  totoh  of  Rtptlr.  ti.lcko’.or  doj-caio  upci.i  tho  proooet  vif.  utod  la 
lto  rorufeoturt.  Frcftr  untioiTdty  It  mdloc  tod  vhe  i  oil  eoirpluo , 
rtrneontlnj  o  oin^lt  tiloli,  «hon  tut.  1  for  oeaniol  noy,  rI-jo 
oorolctenolos  mhleb  foil  within  n  rto go  of  1*0  ^vbbu  .  In  oooli 
plant,  tho  Caeerrstcrt  Iripaator  ■  mil  toko  t«  may  r  K>»tovni 
mli plot  frra  *c a;  bituh  .to  ho  doou  ntoiKnmr;  until  voior  unifnraity 
of  the  Material  ’Uiufn  tj-oi  In  the  pltui  lo  ectnbll  hot.  The 
lnepeotor  thill  thoi  pn  ortho  tho  nieihar  cf  ooaploa.  ’bit  ne-roa- 
loot  then  too)  to  bo  tnlrtn  fro®  oaoh  totoh.  tleraufti:  ■  nc r-ufeotaired 
lo  tho  plant  I*l'r  :ho  fuse  prcvoitiHf  ncthoce.  la  -ho  ones  ol 
blenfod  ratchee  tho  la' pretar  thtll  tolto  cot  lecu  thd,  5  tozpUn 
fren  oorlouo  polr.tc  of  tech  of  tht  first  two  blonder,  badetee.  If 
t>.»  5  oocplce  ohno  proior  unlfcnclty  (donisltteneleo  n  TO«5n€  wl-thlc 
15C.  {.roan),  Oil  oicoh  bloodol  batorne  My  bu  TO  veiostod  t.y 
2  one-pound  nc.plee  previdod  no  ehongc  lo  .rare  In  tl.  >  bloadlnj 
proof  to. 


0F-5. 

o 


311-V0  tin.  »nt ;  0  ho.  u  0.  S.  S tondi  rl  clove  nl  Sroclfl notice 

lo*.  ;U-E -JVi.)  en  o  hr.  l»f>  5.  S.  Stondtrl  cioro  etpalp  >rd  with  a 
rvtelrtns  pen.  l’ltoc  c  ;e-jraas  otsplc  in  th«  l!o.  6  .love,  cm..*, 
piece  tht  mat  of  eiev'e  la  t  otoodord  rthxoilnt;  nnr  ..jav  «.Sc«  l  ino:, 
FUf^n;  H-2),  t*<  ritrete  for  2  Klauson  nlth  U  o  tipper  In  0]i)roHon. 
VOlgh  tail  oolanltte  pvtctnt  of  rooplo  rntslnias  on  t  w  ho.  6  oloro 
one  the  poreo  it  of  nt:i;lo  poeolnr  tht  .to.  laC  oIqto. 


*7-u.  gclcturo.  V.olph  out  j  . p:.dly  oberot  UO.O  jrone  of  the  nor.plo  am 

Tit.o< li’lely  dlopirto  in  jOOi  10  ol.  of  Vo'tcn*  in  o  .'ouni'-uattam 
lltor  flail:,  after  the  camplo  hat  boon  dleptrood  (e  cut  Ji  almvleo 
delemS.nt  tho  ira  .tturo  content  cl  tho  euepeacloo  in  i  iaoriongo  tiith 
the  tatbed  cf  lent  for  tutor  In  Iitroloax  Ittduoti  *  ilJl.l  «M 
Dot ifnatloni  D^i-lO,  elth  tho  fclloalnj  oooeptioat  .nd  aedltional 
debt  11c. 

(1)  tleo  the  entire  50(1  ul.  cf  onoponcler  intteol  0:.  'he  ICO  n.. 
tfwolfled. 

(2)  Hcot  tho  flc.iV  by  miu  of  on  oil  bntb.  The  tv  ir  si'jltn  j  t  f 
the  oil  bath  eholl  bo  I'tO  v  5®0. 
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I2.SH0DS  OP  SAHPLXRO/irsriCnai  test  (COST*!)). 

> :  (3)  Distill  for  a  hcu  dash  dews  tlia  condenser  t  .U©  with 
three  10<t1.  portion©  of  bentone,  oorubtlng  the  tut*  at 
the  i&ei  tin*  wit i  n.  stiff  brush  to  loocea  vatav  dxcjlcno. 
ntsvxao  tho  distillation  fer  an  addition#  1  2/3  hour,  thro 
repeat  tho  vashin .  wad  sombblng. 

(4)  Protoot  tho  top  o>*  -tho  onneennor  tube  by  a  CnCl?  tvfce  or 

equivalent,  oxers  p*.  during  tho  rlmiing  ard  scrub  jJiif;  operation*. 
(«j)  At  «U  thiars  dur.'.nf  the  Aiotilla-Uoa,  rainfcaix  the  ell  It 
tho  bath  ».t  a  IcvjI  about  l/k  inoh  be  lot.  the  li  ful  oi  tho 
suspension  in  tho  liter  fUofc. 

(6)  Males  4  blank  dotcunniuotlaiJ  by  sub  joe  tin?  300  aJ »  oi*  ton  eoriu 
to  tho  sulo  trcati.:©*\t  at  ih©  suspmalcn  and  oorrsob  oil 
dstandmtlcna  eoiordlnaly. 

(7)  Dstsralno  tV©  ©fHelonay  of  recovery  by  treatin'  clallorlj 

*  300  nl.  botu^no  tn  vbloh  0*53  *1»  vmtsr  has  bee  .1  added*  iS 

after  oorrsofclon  : 'o»*  the  black j  tlvi  oppamtsux  1*  *ilr  to 
rcoover  0-50  +  0*05  ml*  of  water,  lighten  *11"  oxnntotlean  w»d 
r©p©at  tho  i?o  datox^doatinnx  ehall  bo  vx  io  with  apparatus 

ahleh  baa  not  dtm'netratod  satisfactory  rooovwv. 

P-7.  fMjtewgJM©  lent?. 

*F-7a.  ftt  pa  ration  of  gol  for  test  purposes.  'lulfora  gels  -jotttalniag 

H’.ir*  6.1  pirocn nSfc  iT  thioferjsFoKan  be  prepared.  Any  til*.»blc 
aothed  wry  bo  uood  px-o/ided  due  cnnoidnxution  1©  glvtm  to  prapor 
protcotlon  afialnot  Icsj  of  gpselins  by  owporatlun,  ibucrrtloa 
of  ao&vtnro  by  the  Kept -.lai  th token ar  or  by  the  g©?.,  c  »d  agitation 
for  0  sufficient  longt'  of  time  to  incurs  unifwt&ty  of  tho 
fleiihsA  col.  Xh©  fo Homing  ncthod  i*  rocnmEisndudi 

tfel&h  tho  teat  (©  'oliiM  (C.T5.G.  Spaa.  Ke.  19£>-15a-EC^)#  tc 
vlthiu  on©  gran#  iate  «.  {lass  fruit  pv  of  ©vltabl©  lap&oity,  and 
oowr  iMdUtily,  *•©■.£}  tho  aexcplo  (to  within  C.l  ;r«is.)  into  n 
boaktr.  Transfer  quantitatively  wd  as  rapidly  ua  ptitBibl©  to 
the  ■Jar  containing  tbo  gx.solino.  Clos©  tho  ^ar  tight ..y  and  shah© 
vigorously.  Stop  shaking:  frun  tiae  to  two  to  obm»T,o  any  settling 
of  particles  of  iSapulm  tt  lokencr.  Shon  no  noro  nett  nf  io  obcorvcl 
continue  to  shake  or  roll  the  $cr  for  a  naricl  of  t5  mi  at  ltuar. 
©qual  to  tho  previous  ufc&kixig  tlna. 

aivTfc.  Gel  eharaoLorii  f  os.  i'rcpare  about  500  of  gol  i*  a  oeo- 

pIEf  ‘ pia©  TrjlT3ar  (fioe  Paragraph  P-'/ft)  nod  otoro  Cor  U6  hau»*r 
at  roox  teapar».t%ro  (6  W.  mtnlroin).  Uainiins  tho  gc-i  at  re¬ 
sort  tod  In  Paras*’*?^  P-?b(l)*  F-7b(8)r  and  F-To(3).  Failuro 
of  tho  gel  to  cheer  tho  otar»ot©rl sties  doaorlbod  in  chir  aosticr. 
lc  «r  Indication  that  <:be  thlakenxr  is  not  suitablo  'or  tho  uoe 

Inter  d«d.  •«.. 

y.7b(l)  Th«  gtl  ohall  ba  froc  frea  lusips  and  of  uaifcm  ooa«.tBteaoy. 

* '  ;  ,  :  1  *  '  *  ;  *  5  . 
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kLlbODS  cr  S/iTliIliGj  WSiSCflO!  i.BD  IE5T  (COVVD), 

F-7b(2)  Insort  tic.  unpaiatad  woo don  •  ts.uk,  3/B  inch  ir  diiunoti?#  at 
right  angles  through  ths  surface  of  the  UB-hour  old  ;cl  to  a 
,  loptb  of  one  Is  Oil  snit  drear  once  ooross  a  diec.eter.  .'ho  eir- 
facer-  of  tho  gcl»  parted  by  the  stick#  shall  adhora  ’•itlif 
10  scoonis  after  oentnot  with  cs.cn  other#  let  vi ng  only  a  lir  t 

and  cot  a  ton  surf a to. 

>  .  »  . 

K-7b (3>  Gather  a  lurcp  of  tho  Jj3«hour  old  gel  a-  tho  end  cf  tm  reedt  a 
stick  and  c'.rav  snooti  ly  way  fro a  ths  surfnot  of  dit  gal.  3 ho 
bard  or  bands  cf  gel  which  follow  the  J.unp  shall  not  tsap  oui- 
dtrly  in  a  dlroovicn  perpendicular  to  the  lino  of  nt  ;5or  tut 
shall  Bepajfit'j  f «on.  tho  luma  by  stringing  clern  to  a  Arced. 

*r-7o,  Corsiotenoy.  Ts^t  tie  ccnoLotenoy  of  fplcj  propar on  ns  pra¬ 
ts  e  jibed  InTfcrc^japh  F-7*‘»  by  the  Eobiloaetor  nsthoci  deserltsd 
in  C.fi.S.  Mr  rati  vc  Fe.  201#  os  follonu 

«F-?c(l)  Prep  ^ration  of  grip  fer  coniiuteney  tsnes .  lrcpc.ro  ;ho  ccoc.toc  ry 
gels in  aoeoricn  o  with  Ifcr&craph  rETE*.  For  the  jj  t  >«te,  p:\>- 
scribed  in  Paragiuphe  F-?c(2;#  i'*7o(3)#  °ad  F»7o (U);  nil  of  tho 
gel  required  for  one  dotcmtaatloa  ir»  ctaoh  of  the  j  ^ahs.ea;/  bo 
prepared  at  one  *  ins  (about  i 50  giaco).  The  dupiiat  «  dofcor- 
uiratic&3#  required  it.  or  ell  sf  tlia  3  tests,.  rust  be  nm  cc 
another  preparation  cf  g;>l}  in  no  case  uliail  dupliat  .*>  testa 
be  run  on  2  portions  of  the  sane  prspevation  of  f:ol. 

•I’-7c (2)  Or c  hour  test.  Lrantfor  a  portion  of  tho  gel  to  a  e  ora g*  tub* 

In  acoo^dsnoe  with  C.b.S,  Direct ivo  Eo.  201*  Cions  -he  tube 
tightly  an*!,  uitlis  cue  Your  nft«r  preparation  of  tJ  gel#  place  tho 
tubs  in  a  vator  bath  at  1309  ±  5”*  for  oO  ±  5  nJjiut  ic.  At  Ac  ond 
of  this  tixe  tramfor  the  tube  to  a  water  bath  at  77 3  ±  s°F.  fer 
nc  additieral  2  to  h  hours.  Rerovu  the  tubs  fren  th  i  bath.  >lsy 
Its  cuteidt  of  t!  *i  tub?  thoroughly#  uncap  tho  bubo#  :  nr  a  far  tic 
oozhents  tc  a  noliloiuter  tabo  and  detcwiins  tiio  oon  iatoocy  oi 
ths  gel  in  aooortoncs  with  3 •?.'•£•  Directive  bo.  201.  dun  th:in 
test  in  duplioatc  (See  ft  rayaph  ?-7o(l))« 

vp«7o(3i  Sasnty-four  hour  tost.  Lrannfer  a  portion  of  tho  gel  to  a  r~osags 
tuid” ih"dd«oranni  a  "HvV.  C.Yf.U.  Diroatlvn  Ko.  201.  (  c»3e  tho  tube 

tightly  anr.#  within  coo  hour  after  prcK-iv.tica  of  tfc«  goi,  place 
ths  tube  ic  a  water  bath  at  150®,t  S1*1.  for  2U-  ±  h  hwurs.  At  tho 
or.d  of  thio  tiae*  transfer  tho  tu»e  tc  r.  vre-ter  bath  i-t  77*  ±  2‘7.  for 
un  adaitioral  2  to  U  hear,  hoaovs  the  tube*  from  the  bath#  dLy  the 
outside  of  the  ttbc  thoroughly#  uaoap  tho  tubo^.  troz  far  the  acntonii 
tc  a  mcbilcns  ccr  tubs  and  dotorsdoe  the  oansiatenuy  •  f  tha  gel  in 
ncaordantts  with  C.TT.S,  DIreotire  to.  201*  Run  this  ’«at  ic  liurllotue 
(See  Rmifiaph  r«7o(l)). 
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XSSBODS  0?  SljKllDG*  1F3FFCTI0T!  VIA  2m  (C0*C*D), 


*r-7c(U)  goits^oifibt  hour  test.'  Xraxwfer  a  portion  of  tho  gel  to  a 
"stbrcjje  wi  '£n  eccortfanco  With  c.s.tf.  Directive  Xo*  Mi* 

Otcse  tho  tubo  tjghtly  aad  alio*  to  otand  at  poor  te/Aporaturo 
,(o5°X.,  nisi  mn)  fori*!*  .£  b  hcuro.  t  At  the  end  of  tbio  tire 
tsaurfior  the  tubo  to  a  water  bath  at  77°  i  f®**.  at  *«aot  - 
houw-.  Ihe  total  tine  of  store#’#  inoluiiinc  tins  in  the  water 
bathr  shall  not  oxooed  53  hours.  t*w*r«  the  tubs  from  tho  bate# 
to  tho  outside  of  tho  tube  thoroughly,  unoap  tho  tubs,  t^acefer 
tho  t  oafconto  to  a  nobileaeter  tubo  and  doteralae  tho  oiiaaistcnoy 
of  th©  gol  la  oocerdanoe  with  C*b«S«  Dlroottse  Ho.  801.  Hun  ~’ifl 
.  toot  in  duplicate  (Soo  Faru^repfa  P-To(l)- 
•  ,  »  '  ••  t  '  •; 
of-7Is(5)  Oobcc  rfsnoo  of  ooUelitspoy  toot  results  *  Tho  peoultn  on  the 
'lupjil  cate"  "ruin  'fcr  eaeh  of  the  tcct*  prer.oribod  in  rtvrajrnpfce  _ 
?-7o<2),  r-7o(5),  *nd  F-7ofiU),  oliall  agpoo  within  90  £*»»•  If 
thin  condition  io  not  not.  repeat  tho  oenoiotofioy  toot?!  eonplotoly. 
•  ‘  *  ^  * 

•F-Tbfol  Reporting  results.  Avar**®  the  too  eoassetsnoiss  frm  each  tost. 

Aocoft  th*  •vornlc'  oonaiotonoy  fop  ©aoh  tost  to  tho  nart  high-ant 
multiple  of  10  crane.  She  average  oon3i«-.toney  so  reported  Bust 
root  the  prqxirsxento  preaoribod  in  ^Tejrreph  r-£b. 

J  ,  t  .  I  >  .  ,  .  ' 

0.  VMUQ1M.  RiUXH®  AHD  UMKXRO. 

0-1.  RaquSrewente  for  pevokeglag  and  pr.oiing  trill  bo  oseoiflod  in  th* 
invitution  for  bidn.  Unlooo  otherwise  epeoifiod,  packing  nhftli 
ba  tiv  follows i  (too  lotto,  JAracraph  3-5)- 

•O-la(l)  Typo  A  packaging  (for  material  to  be  »sd  in  float  throwp  fuel). 

TSo'VaToaKl  stall  be  paoksd  in  ,,squap»w  JD-gaug*.  CUw  A  twat 
plstr  oeas  (Federal  Speclfioatimv Pc.  QCi-X-l9l)»  approximately 
8-1/;?  by  5-1/fe  by  9  inches  hitfi,  hawing  a  circular  opoaixyr.* 
asp:-*  i Irately  U-l/fe  inohos  ix  diameter,  la  tho  head.  Tbs  <**» 
•ball  be  painted  with  iuetoplosc  dies  drab eanael (Quirtoiaastor 
Corin'  Tentative  Spoolfi option  HQ)  K3-XO.  680).  After  filling 
with  5  lb.  k  os.  A  1  os.  of  ISpal*  thioknner.  not,  wight, 
top  cpcninr  Shall  bo  closed  end  bom stickily,  sealed  by  ocldoring. 
SMh  Mihail  then  bo  otoaoilod  or  labeled  with  a  waterproof 
iabnJ  as  follcrrrai  "Mix  tho  oontoa’  s  of  “hie  paobago  with  10 
0.  8-  gallons  of  gasoline." 

•  1  l  r  ‘  ’  * 

efl-la(2)  Twee  A  peeking*  Eight  filled  earn  snail  bo  »iled 

anFlvsra^rwobd  baa  with  double  ftoe  eorru*»tod  fiberbeard, 
into:  looking  half -n lotted  partitiono  ae  interior  paokiy.  The 
box  tlvall  ooapiy  with  the  roquipt«snto  of  Seotioft  VI  of  U.  C. 

Kmr  Spcoifioatien  Xo.  100-1 h,  and  shall  bo  approaimtely  2J-V2 
by  r-1/2  by  9  inches  high*  insids  dinon^iors .  All  wooden  bexeo 
shell  bo  stained  brown  by  a  stain  oonfomi^  to  the  J«quiwnonto 
of  Ordnance  Department  Speoifioatlon  Xo.  AXS-845  or  •  Ajcd-I  35* 
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F4CBX1W  AI'D  t  i.PKIKC-  {COT  tn). 

•3 -lb.  tvp>  n  reeking  If  or  waterinl  to  l>o  until  !n  laoosdini;-  oil,  SF). 
WtiSmitSsll  ba  paokoi  In  J.00  i  1  lb.  unit*.  In  the  fol- 
loalx  ;  ecntrinorui 

•O-lb(l)  "nlUnad  optnlng  eteul  drtint,  tonplyiag  rith  X.C.C.  fieojifleatlor 
To.  I'fO,  flniekad  on  tht  inside  with  2  ocete  of  n  high  quality, 
Ireu-.'ree,  oorroelnn  reeietnnt  tinsel  nnrt  lined  with  n  aroped 
ulft te  inf.  liter. 

•5-lb (2)  Iti.1  aO-lb.  bin* ft  paper  bag  plnood  in  n  5O-3O-30  tied  ftifhalt 

li.tlM.ttd  duple*  km  ft  bag,  the  vhil.i  being  enolenod  in  n  pninffin- 
■wino'i  fiber  druu  complying  with  l.C.G.  Sjieaifiontlon  Jo.  £14. 

•G-S.  Bird ■*.  411  rtlpntnte  ehnll  be  etj'tel  re  prenorlbed  ia  O.K.3. 
•Jpiaifetton  Ho.  197-^-525.  In  addition,  tho  top  and  bettor 
of  vi  it  ocatalncr  ehnll  be  narked.  In  2-lnoh  yellow  latbara, 

•;Ct S1.T*.  In  addition  the  betoh  rorahei-  of  the  mtorial  eball 
bo  M -roiled  on  tho  tope  of  nil  noateine:-*, 

b.  rone. 

•B-l.  Tne  :  ueorwended  /trail*  for  Tapilm  t’llaknnor  lo  ns  foliar*  1 
n.  Organic  aoide  nlntui-ei 


Cooonut  Putty  told* 

Kaphtherio  toil 
Oloio  fold 

'.I.  /.luoilntii  content  1 

•B-a.  By  u  itardarl  vibrating  Kiohlre  -a  ma.it  n  r.S.  Tyler  Conpony, 
So-b  p  lotting  33.n'i  Shnkor,  tin.  lo  xooeitrlo  type,  diroeily 
ootitt  oted  to  n  netor  hating  a  epied  of  1725  revolution  per 
ole  n  o. 

tn-3.  the  1  allowing  lo  fiirrirh.ed  for  the  iiforatlon  of  th>  oontmotor. 

iOnpurltlao  lr  Xopalr  thlcfcrier  which  any  oeuee  partial  or 
oozp.oto  breakdown  of  gala  fomtd  with  f  t 0 11m,  or  oxidation 
of  tin  tldolnnor,  Inoludt  esoaae  vatjr,  line,  oevatio  xodn, 
locpi  of  eodiici,  copper,  load.  iron,  nar prnrto,  and  oobalc. 
pjtdt  -ed  or  thoot  aino  and  lend,  lead  nitrate,  ruat  privontutlvoo 
01c  br  inlng  amines,  eloobolt  and  nil  aoidi .  Tscraethyl  lead,  on 
tht  (thor  hand,  hno  no  lnjurltut  tffoota. 

,H4i.  a  err  -pound  sample  of  Bn  pa  In  thiokvn  »r  siall  bo  taken  at  random 
f re.'  oaoii  nook's  produotion  and  -hipped  to  tfcn  Chief ,  ioohnieal 
Dlvltjor.,  Edgtwood  Art anal,  thryland.  So-  turroillanot  toate, 
the  t  unpin  nhnll  bo  nooonpnnied  "oy  too  r  suit*  of  th*  iotpootiou 
totti  on  tlio  batch  repraaonted  by  the  cnr.plo. 


Pirie  by  weight 

b 

25 

25 

J.L  te  5.8  peroeat 
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K.LjnUClk.j 

iiim  Wi>ih>i  • 
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HOSCS  (CCKU'J. 

n3>H»  Such  dhiivont  of  !  ft  palm  thloktnt:.*  al<ell  he  seocupajl  j$  oy  oopy 
of  ttu  l.uopcoticn  tost  results  an  etch  totoh  oontais  td  in  the 
tftlpt/mt. 

• 

K%  fu  &  risk  prococtng  e  pnraprtph  number  iadio&tes  t  tab  the 
o?m  jpendlr.3  pr.rt^mpb  In  the  previous  Issue  list  ro?liod  or  s 
na*  v<\re.;rc\ph  added. 

U-7*  the  r.sie  of  this  spooification*  whenever  *  p*)lionblo,  Is  oenda tory 
on  oil  procuring  r^onoics  of  tho  Amy. 

H~f».  UCTIiVSi  Shis  specification,  together  with  s  poo  if  loot  ions  cmd 
dra-.rligc  porsaiult.f;  to  it  sod  touring  a  "Uotioo1  of  lisailar 
ros  tractions,  in  Sirtondsd  for  use  only  in  oonneotion  with  pro- 
out  ortmt  by  the  United  States  Go^emroat  j  ar.d  ah?  11  not  to 
rtpi  luo>.d  either  wholly  or  in  purt  sxaert  then  eutharised  in 
oat*i«  rtion  with  Gcrrorunent  preou  ak  st,  nor  be  used  for  any  ether 
purjx  io  czoept  when  epeoif  ically  author!  :ed  by  the  C  ilof  of 
Chcnioal  Warfare  tnrvioo,  Washington,  D.  C. 

ii«  9*  HOIK  :;r  2hio  doevnont  contains  unfox-sntton  effecting  the  national 
dole:  no  of  the  United  Staten  within  the  waning  of  t  re  espionage 
Jkat  j.SrC.  50«5i.3?)*  the  trenoniuelon  of  this  doouxant.  or  the 
roe*  uti on  of  its  contest:!  in  an;.-  B*sasr  to  any  unauthorised 
pa*n»  i  in  prohibited. 


Ccpioo  of  this  n  ramification  my  b«  obtained  by  per  coco  author is od  to  rocoivo 
esve,  fxttn  any  o:  thn  following  Chtsrioal  Tarlare  Fro  au  restent  Die  hr  lot  Of  11  oo  a  a 
fSttnburgh}  Chio»  ;o,  lie*  York,  3ao  ?roanlaoo,  Sottvn,  Atlanta,  E iliac  or  fron 
tlo  Chief  of  Shonior.l  *Varfart*  Sort  ice «  Vteeblrigtw,  D.  0. 
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ABSTRACT 

Napalm,  a  mixture  of  aluminum  hydroxy  soaps  of  oleic,  naphtenic  and  coconut  acid  used 
for  thickening  incendiary  bomb  gasoline,  is  manufactured  by  a  three  step  process.  In 
the  first  step  a  mixture  of  the  acids  is  reacted  with  aluminum  sulfate  solution  in  the 
presence  of  aqueous  caustic  soda.  In  the  second  step  the  precipitate  of  soaps,  formed 
in  the  first  step,  is  dewatered  and  dried,  and  in  the  third  step  the  dried  product  is 
packaged  in  special  containers.  Details  are  given  of  control  methods,  of  the  various 
properties  of  Napalm,  of  the  method  of  dispersing  Napalm  in  gasoline,  and  of  testing 
the  finished  gel. 
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Directives  are  given  on  the  use  of  the  Gardner  mobiloneter  method  of  determining  the  con¬ 
sistency  of  incendiary  oils  of  the  Napalm  type,  and  of  the  parallel  plate  method  for 
determining  the  consistency  of  incendiary  oils  containing  isobutylmethacrylate  polymers 
and  sodium  salts  of  fatty  acids,  such  as  incendiary  oil  IM,  type  III,  CWS  Spec./^  I96-I3I- 
1U5.  Instructions  include  description  of  the  two  instruments  and  directions  for  their 
assembly  and  maintenance. 
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Copy  is  submitted  of  CW5  Specification  No.  196-131-107A,  dated  25  October  19U3>  to 
supersede  No.  196-131-107*  dated  19  November  19 U2.  Specification  includes  Governmental 
and  non-Governmental  publications  and  pertains  to  Napalm,  a  thickening  agent  for  use  in 
the  manufacture  of  flame  thrower  fuel  and  incendiary  oil  NP. 
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